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PEEFACE. 

Iron is n©\v used on such a large scale for con- 
structional, industrial, and household purposes, and 
the difficulties of keeping it bright and free from 
rust, or coating it in such a way that decay is 
prevented are so well known that a book on the 
subject should need but little introduction. In the 
present work the author has endeavoured to give 
a fairly complete account of our present knowledge 
on the subject of the rusting of iron, quoting several 
authorities. The methods of protecting iron from 
rusting are next touched upon, including a de- 
scription of the pigments and oils employed in the 
manufacture of the paints, and the best methods 
of compounding these to obtain the desired results. 
Paint-making machinery is figured and described. 
A chapter is devoted to the composition of various 
proprietary protective paints ; an abstract of the 
most important British patents for paints for iron, 
steel, etc. ; and for anti-fouling compositions for 
ships’ bottoms is also included. 

The author hopes that those who arc interested 
in this subject may find something in this book 
which will prove instructive or useful to thonj. 

London, Janwry, 1918. 
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INTKODUC’.TrON. 


Since tlie introduction of iron, and (fs|»o<*.iaIl\ from 
the time of its application to industrial and con- 
structional purposes, the need of sonic inalcriul 
which can be readily applied to it and whicli will 
effectively prevent its oxidation or ruslin^f 1ms Ioiil*- 
been felt. 

Iron only rarely occurs in a nal.uriil stall' a*’ a 
mineral ; it is found in certain igneous rocks in 
Scandinavia in the form of fine pai'tich's and also 
in what are known as meteorites or lerolilcs in 
various parts of the world; in tlu' latter case it 
is alloyed with nickel. 

The iron ores are-: the oxides, niagiit'lil.e or 
magnetic iron ore (Fe.,04), and red hematite (1'\‘, .(),}. 
Brown hematite is a hydrated oxide of inai (l''e.()|, 
re2(OH)8), ochre and umbm* being impuri' varieties, 
clay ironstone or impure carbonate of iron (KeCO ) 
and iron pyrites (FeS.j). In tlu' snu'ltiug of iron 
any of the above ores exeejit iron pyritos are healed 
together with coal and limestone in a hla.st fiirniiee 
with the production of what is known as pii; „r 
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cast iron. This is not pure iron but contains more 
or less carbon (combined and as graphite), sulphur, 
phosphorus, and silicon. From this pig iron, and 
also direct from the ores, are obtained in various 
ways purer forms of iron known as wrought ii’on 
and steel. Although pure iron is never used in 
industry, wrought iron comes nearest to this de- 
scription as it contains only traces of carbon and 
the other elements above mentioned, yteel contains 
41 definite amount of carbon entirely combined as a 
carbide which renders it more or less hard and 
less fusible and imparts to it the property of being 
tempered. 

The three varieties of iron : cast iron, wrought 
iron, and steel thei'efore differ only in minor details 
from each other, iron being the predominant element 
in all. On exposure to the atmosphere and moisture 
they all tend to rust although in varying degrees, 
cast iron most easily and steel usually with more 
difficulty, but the rapidity of rusting is influenced 
very materially according to the condition of the 
.surface of the metal, rusting taking place more 
readily nheu the surface is rough or matted than 
when it is smooth or burnished. 

Oertain alloys of iron, that is with small quantities 
of nickel, chromium, tungsten, titanium, and molyb- 
denum, are now very largely employed in the form 
of steel or cast iron for certain purposes — i.e. for 
jirmour plates, guns, tools, iiud jiarts of machines 
— owing to their great hardne.ss or toughness, and 
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in some cases by reason of their dui’ability. Son 
of these alloys are quite immune to rustinj^ <’V< 
without any protective coating or special treatiueii 
they are also unaffected by weak acids, and a 
for this reason specially useful for chemical plai 
and household cutlery. 
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CHAPTER I. 

IRON RUST AND ITS FORMATION. 

The inorganic and organic materials employed by man, in- 
cluding the metals iron, lead, copper, zinc, etc., and also the 
noble metals gold and silver, all of which are extensively 
used in the industrial arts, being subjected to atmospheric 
influences, consequently the surface of the various utensils 
into which these metals are formed undergoes alteration. 
The least susceptible to these influences are gold, silver, and 
platinum, which metals merely become dimmed on the 
surface being restored to their original brightness when 
simply rubbed over thoroughly with a leather or cloth, 
provided no other agency has affected them, e.g,, sulphur 
or sulphuretted hydrogen in the case of silver. On the other 
hand, the baser metals such as iron, copper, lead, zinc, etc., 
under the influence of atmospheric oxygen, carbonic acid and 
other agencies, acquire a superficial coating, consisting of a 
combination of the metal with oxygen or carbonic acid, 
which alters the appearance of the metal, thereby rendering 
it lustreless and dull. The highly lustrous metal lead be- 
comes coated with a dull grey sheet of oxide ; zinc is covered 
with a dim grey film. Copper turns reddish-brown and 
subsequently green, becoming coated with the ^’een mould 
— a&rugo nohilis^ patvia — which distinguishes ancient monu- 
ments and memorials from those of modern times. This 

1 
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mould was formed by the action of a pure atinoHphoro un- 
impregnated with the fumes of coal — and, like the thin iiJin 
of oxide on lead and zinc, it constitutes a protective coating 
against the further encroachments of the air, since it neither 
increases in extent beneath nor develops further externally. 
Objects covered with this layer of oxide withstand for ecu- 
tunes the destructive influence of rain, snow, and cliaugca 
of temperature, besides which they are also inoduratoly 
insusceptible to the action of weak acids. 

On the other hand, iron, the metal most extensively used 
at the present day — by reason of its valuable properties mid 
its abundance — is much more susceptible to atniosplionc 
agencies but acquires no protective coat. If a bright piece 
of iron be exposed for even only a few minutes to the action 
of water and the latter is allowed to evaporate at a moderate 
temperature, the clean metal becomes covered with a coherent 
red coating, which can be easily rubbed off again when dry, 
but does not leave the surface of the iron in its original 
condition. Under the agency of the atmosphere and the 
water a combination of iron and oxygon — iron rust— ia 
formed and the iron is said to be “rusted **. This oxidation 
occurs on bright surfaces of the metal, such as polished iron 
or steel, as well as on cast iron or shc'et iron ; it is oliscrvable 
on all iron objects, large or small, rougli or sinootli, and 
will inevitably be produced unless the iron is protectod by a 
suitable protective covering. 

Moreover, rust is formed not only on iron articles oxpoHod 
to the influence of atmospheric air and moistun*, but also on 
iron set in brickwork, or under water, or in the ground and 
so forth; in fact the action goes on ovorywhoro and in the 
result of various causes, although water (moisiuro) is always 
necessary and in fact the principal rusi-formuig agtnicy. 
Iron girders enclosed or embedded in or betwoon layers of 
brickwork or masonry, iron structures ur jiipos laid under- 
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ground or in water, all rust, and under certain circumstE 
the layers of rust may attain considerable proportions. E’ 
thing made of iron or steel is liable to oxidation. ] 
earned in the pocket which are kept bright by mutual fru 
will become rusty when exposed to moisture, a damp 1 
being often sufficient cause; pocket knives become oxic 
in the pocket, if not in regular use, and table knives 
similarly affected if not cleaned and polished regul 
Nails driven into boxes or other woodwork are rustec 
the moisture in the wood; in fact all the numerous i 
daily employed by man become more or less rusty, whe 
in use or lying by, and thereby deteriorate both in out'v 
^ippearance and strength. Iron stove pipes and flues 
speedily rusted by the action of gaseous acids formed du 
the combustion of the fuel, and after prolonged use bee- 
gradually converted entirely into layers of rust, so that 1 
either fall to pieces spontaneously or can be broken ^ 
ease 

Wherever rust has once formed, its further accumula 
is a natural sequence ; the prevention of further action th 
fore becomes impossible by any known means unless 
affected places are freed entirely from all traces of the ox 
Bust, far from being a solid, coherent mass, is loose 
porous, absorbing and persistently retaining water, wh 
with the conjunction of atmospheriejair, assists in the c 
version of such portions of the iron as have hitherto 
mained intact. This is the reason why sheet iron, un 
conditions favouring rust formation, is finally convei 
entirely into rust, and though retaining its original fc 
no longer consists of iron but of a compound which ea 
breaks into pieces under very slight pressure. To this c 
tinuous development of rust is also due the complete 
struction of rivets and screws in iron structures, and 
circumstance that iron pipes of considerable thickness laic 
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the earth are in course of time entirely converted into rust^ 
breaking m pieces or crumbling away when disturbed. 

The thicker the substance of the iron, the longer it takes 
for the rust to corrode it sulKciently to impair the strength 
of the article. For example, if a piece of ordinary sheet iron 
1 mm. (tjV in.), and a bar of cast iron 6 to 6 mm. (about ^ in.) 
be left to rust under identical conditions, the former will be 
entirely converted into oxide long before any diminution of 
strength can be detected in the latter. The cast iron will 
have acquired a thick coating of rust but still having a con- 
siderable core of metal, probably the usefulness of the bar is 
apparently undiminished. Nevertheless as a matter of fact it 
has really suffered depreciation ; since a mass of iron origin- 
ally 5 to 6 mm. thick, but covered on each side with a 1 mm. 
layer of rust, having therefore lost altogether 2 mm. of its 
substance, cannot possibly have retained its primary strength. 
Moreover, in addition to attacking the surface, the rust, as 
the result of imperfections in the material, may have pene- 
trated, in places, right through the mass of the metal, and 
consequently diminished considerably its powers of resistance. 
Hence in the case of the thicker cast iron the progress of 
rusting is apparently more gradual than in the thinner sheet 
metal ; its extent, however, may be tho same or even greater. 

Bust IS everywhere formed where moisture and atmos- 
pheric air come together ; it is visible on the shafting and 
other parts of jmaohinery, etc., in large workshops, and on 
water wheels that are not continually under water. It 
develops on iron firearms when carried during wet or even 
merely damp weather ; also in the interior of the barrel when 
the weapon is discharged, in consequence of the hygroscopic 
character of the residual compounds left therein from the 
combustion of the powder. All hygroscopic salts, especially 
sodium chloride (common salt) and the chlorides of potassium, 
magnesium, and calcium, facilitate the formation of rust 
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•when acting in conjunction with atmospheric air ; whereas 
caustic alkalis dissolved in water have no injurious effect on 
iron provided it remains immersed in the solution. If, 
however, pieces of iron be stored above solutions of the 
alkalis, or partly immersed therein, leaving one end project- 
ing, then rust will make its appearance in quantity. Dilute 
acids are the most active assistants in the development of 
rust, even such weak organic acids as malic acid being 
capable of rusting iron or steel in a very short time. Pieces 
of iron embedded in the earth soon become rusted, the 
rapidity of the action being in direct ratio to the amount of 
rust-favouring constituents present. Thus, iron (gas and 
water) pipes laid below the level of the streets in towns, 
and especially when the pavement consists of a permeable 
material — such, for example, as granite setts embedded in 
sand — rusts much quicker than if situated in arable soil, 
since they are exposed to the action of the salts contained 
in the urine of horses and in street mud. Iron in the neigh- 
bourhood of manure heaps, or stall-drainage pits, rusts 
quicker than that in or upon ordinary earth, since the salts 
of ammonia, etc., formed in such deposits contribute to the 
production of rust. It has been assumed that iron embedded 
in earth becomes covered with a protective coating of silicate 
or carbonate, but this has not yet been definitely proved. It is 
evident that the formation of such compounds would depend 
on the character of the soil, i.e., whether there exists ready- 
formed a sufficiency of silicates or carbonates in a form 
suitable for action upon the metal before such combination 
could take place. 

We may consider as rust fonurs the following : — 

1. Atmospheric air or oxygen. 

2. Water — in the form of rain, snow, water of condensa- 
tion {G,g,y dew), and mere moisture, the latter including the 
moisture in the atmosphere and incipient condensation. 
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3. All organic and inorganic acids, even the weakest. 

4. All chlorine compounds of the metals, alkalis, and 
alkaline earths, and all salts rich in, or absorptive of, water. 

The process of rust formation has until recently received 
very little attention from the scientific point of view ; at least 
there is little to be found on the subject in accessible sources 
of information. In practice, however, the conditions — or 
rather influences — under which rust is developed are well 
known, and sufficient knowledge of its progress has been 
gained to justify the axiom that when rust has attained a 
certain degree of development to arrest its further progress 
becomes impossible, all the means at our disposal being un- 
availing. 

It is generally assumed that — apart from such chemical 
agents as acids and salts — water and oxygen are the primary 
causes of rust, a certain contributory influence being, how- 
ever, ascribed to atmospheric carbon dioxide (carbonic acid). 
It may be of interest to quote here the views which have 
been expressed by eminent chemists as to the mechanism of 
the formation of rust. 

Spennrath says : — 

‘'Chemical analysis shows us that rust is a hydrated 
oxide of iron, a compound of the metal iron with oxygen and 
water, 100 parts of dry iron rust containing 52*3 of iron, 22’4 
of oxygen, and 25*7 of water. The water is here — and this 
should be carefully noted — in a state of chemical combina- 
tion, and not present as a mere mechanical adjunct in the 
form of moisture. It is therefore by no means contradictory 
to speak of dry iron rust as containing 25 per cent, of water. 
Iron rust being, then, a compound of iron, oxygen, and water,, 
it follows that iron can rust only when and where it is- 
brought into contact with oxygen and water, and that if one 
of these two essentials is lacking, the formation of rust be- 
comes impossible, and the iron ■will remain unattacked* 
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Consequently, iron exposed to the air cannot rust in the ab- 
sence of water, and iron immersed in water must remain 
free from rust if access of oxygen is debarred. These state- 
ments are proved by facts. Thus, for example, if iron or 
steel articles are stored over calcium chloride in an enclosed 
space, they will remain free from rust for an indefinite period, 
owing to the absorption, by the calcium chloride, of every 
trace of water in the air of the chamber, and the incapacity 
of oxygen by itself to attack iron at the ordinary tempera- 
ture In this manner a convenient method of protecting 
surgical or other fine steel instruments from rust is afforded, 
in that a vessel — preferably of glass — closed by an air-tight 
lid is employed, on the bottom of which is strewn a layer of 
calcium chloride, whilst the instruments, etc., to be stored 
are placed on a perforated false bottom made of cardboard or 
wood. It IB advisable to dip the instruments in strong alco- 
hol, to free them from all adherent traces of moisture, before 
putting them into the case. 

“ Steam boilers, when out of use, can be prevented from 
rusting on the inside by placing trays, containing calcium 
chloride, in the interior, and then making the boiler air-tight. 
In this case also the calcium chloride abstracts the mois- 
ture from the air, and renders the latter incapable of forming 
rust. 

** If iron be laid in ordinary spring, well, or rain water, it 
soon gets rusty. If, however, the water has been previously 
boiled for some time and allowed to cool with exclusion of 
air, then no rusting occurs, the oxygen present in the water 
having, like any other gas, been driven off during the boil- 
ing, leaving the water free from air ; and, provided care be 
taken to prevent any subsequent absorption of oxygen by 
the water, iron stored therein will keep free from rus^ This 
explains why boilers do not rust on the inside while in use, 
the continuous boiling of the water driving out the oxygen 
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present in solution. Since, however, the feed water is con- 
tinually introducing fresh quantities of air into the boiler, it 
follows that the steam chest of the boiler always contains 
small quantities of oxygen in association with the steam, 
and hence it comes that rust may form at the water line. 
The upper layer of water, being in direct contact with the 
recently liberated oxygen, tends to re-dissolve the same, and 
thereby to act as a rust former. It will also be noticed that 
the iron hot-water pipes of heating installations do not rust 
internally, the water circulating through the pipes having 
been freed from air and oxygen by the continuous application 
of heat. 

The rust-fornmig agency is a solution of oxygen in 
water This constitutes the whole secret of the production 
of rust. 1,000 parts of water at a temperature of 0° C. can 
take up 49 parts of oxygen gas into solution ; but as the tem- 
perature rises, the solvent power of the water for this gas, as 
for all others, decreases, so that at 10® C. only 38 parts are 
dissolved per 1,000; at 21° C, only 31 parts; at 60° C. only 
21 parts, and so on. 

“ The effective rust-producmg energy of the water in- 
creases in direct ratio with the amount of oxygen present in 
solution. Hence it follows that, other conditions being equal, 
cold water must be more active than hot in this respect ; and 
this also explains a circumstance that probably every one has 
observed, mz,y that iron rusts much more strongly when the 
contact with water is only intermittent than in cases of per- 
manent immersion. A piece of iron, one end of which dips 
into fluctuating water, leaving the other projecting into the 
air, will exhibit the most pronounced area of rust at the part 
between the extremes of the alteration in the water level. 
Moreover, a short shower of ram causes a greater formation 
of rust on iron than would a whole day's complete immersion 
in water. 
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“ The elucidation of these phenomena is very simple. 
The thin stratum of water left adherent when iron is wetted 
is in constant contact with the air and is therefore always 
saturated with oxygen, that consumed in the formation of 
rust being immediately replaced from the atmosphere. On 
the other hand, deeper layers of water do not become satur- 
ated with oxygen, and the loss cannot be so quickly made 
good ; whereas raindrops, again, have had the opportunity to 
absorb, in their fall, the maximum quantity of air they can 
take up, and consequently when they come in contact with 
iron constitute actually a saturated solution of oxygen. 

“Iron articles stored in a room regarded as ‘ dry,’ in the 
■ordinary sense, do not rust. If, however, a closed, airtight 
<5ase with a little water in the bottom be placed in such a 
room, and the iron articles be placed in the case without 
•coming into contact with the water, they will be found to 
have rusted considerably within a very short time. 

“ This difference in behaviour is highly instructive, though 
■easy of explanation. The air of a living or workroom, like 
•everywhere else, contains water. Here, however, the water 
is in the gaseous form of water vapour, which is incapable of 
forming rust even when mixed with oxygen. In the closed 
•case, on the other hand, the air becomes rapidly saturated 
with water vapour, taking up as much as it can hold at the 
prevailing temperature ; consequently, on the slightest reduc- 
tion of the temperature a deposition of liquid water takes 
place on the walls of the case and on the iron articles con- 
tained therein, and as this water at the same time absorbs 
•oxygen from the surrounding air the possibility and obligation 
of the formation of rust is attained. 

“ Generally the air of a room is in a condition far removed 
from saturation with water vapour , consequently a consider- 
able fall in temperature would be necessary for attaining the 
dew-point of such air, with its concomitant deposition of 
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liquid moisture, and so long as this point is not reached the- 
formation of rust is impossible 

“ The opinion extensively prevails that the carbon dioxide- 
present in the air plays an active part m the formation of 
rust, and it has even been asserted that the action of this 
oxide is an essential factor in the process. As a matter of 
fact this view is erroneous. In the first place, gaseous carbon 
dioxide is of itself quite inert towards iron. Water contain- 
ing the gas in solution is, however, capable of attacking iron, 
forming iron ceirbonate which decomposes — as may have been 
noticed many times m the case of ferruginous waters — in 
contact with air, ferric hydrate, i,e , rust, being then formed. 
That carbon dioxide is not essential to the formation of rust 
is evidenced by the fact that iron plates stored, in closedi 
vessels, above the surface of water containing in solution 
caustic potash, caustic soda, or slaked hme, exhibit injevery 
case extensive incrustations of rust. As solutions of the 
aforesaid caustic alkalis, caustic potash, are endowed' 
with a great afi&nity for carbon dioxide, it is therefore clear 
that the air in such vessels must very soon be entirely freed 
from that gas 

A behaviour similar to that of an aqueous solution of 
carbon dioxide, but generally more strongly developed, is 
exhibited by other dilute acids in presence of iron So long 
as the metal remains in the dilute acid liquid it will be dis- 
solved thereby and the corresponding iron salt will continue 
to be formed ; but when the oxygen of the air is concurrently 
admitted the case is altered. If metallic iron be moistened! 
with any dilute acid and then exposed to the air a thick 
coating of rust will very quickly form ; and this explains why 
it is necessary, m cleaning rusty iron by the aid of dilute 
sulphuric acid, to place the iron in lime water immediately on 
removing it from the acid-bath, in order to prevent an 
immediate renewal of the rusting. The action of the lime 
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water is to neutralise the acid and render it inert Moreover, 
the solutions of various salts, especially the chlorine com- 
pounds, exert a rusting influence similar to that of the dilute 
acids. Solutions of common salt, sal ammoniac, magnesium 
chloride, etc., m particular, are regarded as highly active rust 
formers. It is true that these compounds favour the develop- 
ment of rust, but, nevertheless, even here the admission of 
oxygen is a sine qua non. That the presence of dissolved 
salts IS no bar to the absorption of oxygen by water can be 
seen best in sea water, which contains an average of 3*6 per 
cent, of the above-named salts, without the dissolved oxygen 
being any smaller in quantity than in fresh water. Indeed, 
were it not for this solubility of oxygen in sea water the 
existence of marine animals would be an impossibility. 

‘‘ The action of rust-forming salts on iron is thus similar 
to that of dilute acids. In any event the production of rust 
can only ensue when water and oxygen are both present and 
active simultaneous.” 

Simon expresses himself as follows with regard to tho 
Origin of Rust : — 

“ For rust to be formed it is — under ordinary atmospheric 
influences — a necessity for the surface of the metal to be 
exposed, and that water in the liquid condition — containing 
dissolved oxygen (air) and carbon dioxide — should act there- 
on. When these factors are not concurrently in action, no 
formation of rust takes place so long as no other chemical 
reagents — sulphuretted hydrogen, chlorine, hydrochloric acid 
(and other volatile acids) in the gaseous state or dissolved m 
water as chlorides of the alkalis or earthy metals — strongly 
favour its production. Thus, iron in an atmosphere contain- 
ing oxygen, carbon dioxide, and water vapour is unattacked 
provided the vapour is not deposited in the liquid form upon 
the surface of the metal. Consequently in boilers and steam 
pipes, where these conditions are fulfilled by the steam being 
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super-heated and dry, no production of rust is possible. On 
the other hand, iron is unattacked at the ordinary tempera- 
ture by water that is free from air, oxygen and carbon 
dioxide, whereas at a high temperature — red heat — the iron 
becomes rapidly coated with an adherent crust of magnetic 
oxide, which acts as a protection against rust, and on this 
account the phenomenon has been utilised in the elaboration 
of a process for preventing iron from rusting. At moderate 
temperatures pure oxygen is inert towards iron, but under 
the influence of heat forms with it magnetic iron oxide. The 
same also applies to carbon dioxide, which has no action on 
iron in the cold, but at a red heat converts it into magnetic 
iron oxide and is itself simultaneously reduced to carbon 
monoxide. Even water containing oxygen alone, but no 
carbon dioxide, exerts no action on iron at the ordinary 
temperature, wherefore iron that is immersed in water con- 
taining air, but to which a little alkali or lime has been 
added in order to fix the carbon dioxide, will remain free 
from rust so long as any free alkali or alkaline earth is pre- 
sent in the water. 

“As soon, however, as free carbon dioxide makes its 
appearance the iron is easily attacked at the ordinary tempera- 
ture, and iron carbonate is produced, which is converted into 
the soluble form of bicarbonate by the excess of carbon dioxide. 
In this reaction hydroger^is hberated and will combine, to 
form water, with any free oxygen present. Given a suffi- 
ciency of oxygen and carbon dioxide, the whole of the iron 
will pass completely into solution, whilst in the event of a 
deficiency of these reagents the iron bicarbonate will be 
precipitated as iron carbonate, and carbon dioxide will be 
liberated. In presence of oxygen the carbonate is converted 
into the hydrated oxide, or true rust, and carbon dioxide 
escapes. The formation of bog iron ore — which has attained 
to such importance in the gas industry — is attributable to 
this process. 
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“ The fact that in the formation of rust there is a con- 
tinual evolution of carbon dioxide, which again exerts a 
destructive action on the iron, provided the other conditions 
— presence of air and moisture — obtain, explains to some 
extent the circumstance that, wherever a speck of rust is 
found, it continues to extend deeper whilst a nodule of rust 
appears on the surface. The principal reason for this develop- 
ment towards the interior of the mass is attributable to the 
circumstance that rust, like carbon and humous bodies, pos- 
sesses the property of condensing gases, by superficial attrac- 
tion, in which condition they may be regarded as nearly 
liquefied. Under these circumstances the gaseous elements, 
oxygen, hydrogen, and nitrogen, are endowed with consider- 
able molecular mobility, directly encouraging chemical dis- 
placement and combination. The aforesaid property also 
accounts for the excellent purifying effect exerted on illu- 
minating gas by bog iron ore, an effect which is not merely 
confined to the chemical process of modifying the sulphur 
compounds in the gas by means of the iron hydroxide in the 
ore, but extends also to the abstraction of carbon dioxide, car- 
bon monoxide, and nitrogen from the gas. 

“ According to the preceding arguments the formation of 
rust is divisible into two stages : — 

1. formation of soluble ferrous bicarbonate. 

“ 2, Conversion of this product into white ferrous carbon- 
ate and progressively into iron hydroxide (hydrate), whilst, so 
long a^oxygen is present, the liberated carbon dioxide con- 
tinues to attack the iron. 

Of course the process is carried on in other ways when- 
ever other chemical agencies come into operation. Thus 
when sodium chloride, calcium chloride, potassium chlo- 
ride, ammonium chloride, or magnesium chloride is present, 
though even in but minute amount, a very considerable 
rusting naturally ensues, provided sufficient atmospheric 
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moisture is available. The process is greatly accelcratod when 
the air contains sulphuretted hydrogen, ammouiuin siilpliido, 
sulphur dioxide, hydrochloric acid, acetic acid, etc.” 

Schulte objects to the explanation of the formation of rust 
brought forward by Spennrath, by arguing, in the first jilaco, 
that the rust formed on iron cannot bo aasuiued to bt^ accur- 
ately defined by the formula 

Pe,(HO), = Fe ,03 + 3H,0, 

although it is customary to do so, for the sake of siiu])licity. 
He considers that, since the formation of rust is a progrtissivo 
operation, the mass to which that Icriii is applied cannot 
exhibit a uniform composition, because the conjoint action 
of carbon dioxide in the process gives rise to compounds 
which afterwards gradually, and as a result of further 
changes, pass over into the form of the hydrated oxide. 

Again, Simon explains that alkalis entirely absorb carbon 
dioxide only when the air containing it is passed through the 
reagent and agitated, so that only the stratum of air in con- 
tact with the liquid can be freed from its carbon dioxide by 
mere contact 

“ It is an actual fact that the co-operation of carbon di- 
oxide can be traced wherever rust is formed, and Spennrath 
IS greatly in error in denying this co-operation, Ilowovor, 
the question whether carbon dioxide is or is not absolutely 
necessary is of no practical importance.” 

According to Mulder, iron under the inlluonce of an acid, 
decomposes water at the ordinary temperature, tho hydro- 
gen bem^iberated, the oxygen together with that of the air 
combmmg with the metal. This applies also to carbon di- 
oxide in solution; and, of late, ozone, traces of nitric acid 
and other substances have been included as active agents. 

It may now be of interest to determine tho conditioiiH 
favouring the progressive development of an existing in- 
crustation of iron rust. 
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On this point Spennrath states that “ most metaJs when 
'Exposed to the air soon assume a coating, originating in a 
manner similar to iron rust ; lead and zinc, for example, 
rapidly becoming tarnished. Every one knows, however, 
that lead and zinc can be left in contact with the air for any 
length of time without artificial protection. The aforesaid 
eoating, when once formed, constitutes a fine skin which is 
perfectly impervious and completely protects the underlying 
metal from the atmosphere, and consequently from further 
attack Should this skin be damaged or removed by scraping 
or other mechanical means, it is quickly replaced, the con- 
stituents of the air soon causing a fresh film to form on the 
surface of the metal. 

The behaviour of iron, or iron rust, is, however, quite 
different, the latter forming a porous mass instead of a 
coherent coating. This porous structure can readily be 
demonstrated by wetting a dry layer of rust with a drop of 
oil or petroleum, the liquid quickly penetrating into and ex- 
tending through the mass. On this circumstance is based 
the well-known procedure of saturating rust with petroleum 
before scraping it off 

** All porous bodies, without exception, are endowed with 
the property of condensing, or occluding, gases in their 
capillaries. Iron rust being porous we may assume the pre- 
•senoe of condensed oxygen in the rust pores. Moreover, rust 
has the power of absorbing and retaining water, and since 
this water will dissolve the condensed oxygen present in the 
pores, we may regard the liquid retained by iron rust as a 
•concentrated aqueous solution of oxygen. This being the 
case the rust-forming power of thd liquid will be increased, 
a rapid progression of the rusting iTecessarily following. 

“ From this point of view it is correct to say that rust 
produces more rust. It should, however, be borne in mind 
ihat the rust itself is not the actual chemical agency, it 
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merely acts as a carrier, losing its efficacy as soon as it is 
freed from water. It is therefore erroneous to reject iron 
oxide as a pigment for iron on the ground that it produces 
rust, since when it is suspended in oil, either in the liquid or 
reamified state, the oxide cannot condense oxygen nor can it 
absorb water. 

“ If iron rust, instead of being porous, formed a coherent 
non-porouB coating, it would protect the iron just as well m 
the corresponding fllpas do in the case of lead, zinc, etc. This- 
is evident from the fact that so-called ' browned ’ iron docs- 
not rust, the coating produced by the browning treatment 
being nothing but rust, and only differing from the ordinary 
form in that it is compact 

“Both the anhydrous and hydrated oxide of iron are- 
generally regarded as carriers of oxygen. It is assumed 
that, in contact with organic bodies, they give up a portion 
of their oxygen, replacing this loss by re-absorption from 
the atmosphere. The proof brought forward in support of 
this opinion is, however, unconvincing. It is that when 
heated to redness with combustible substances, iron oxide- 
leadily yields its oxygen to them, in consequence of which 
this oxide may be employed for incinerating the more in- 
combustible organic bodies. This behaviour, however, is not 
.confined to iron, alone, nor is it important. The combustion 
of organic matters in most cases results in the formation of 
free carbon, and on the other hand the generality of motallic 
oxides are reduced when heated along with carbon, tx., they 
part with some, if not the whole, of their oxygen. Many of 
them do this with greater readiness than iron oxide, the 
oxides of lead, copper, and zinc being easily converted into 
the corresponding metal by heating with carbon. 

If iron, rust be boiled in a solution of grape sugar the 
former yields up a portion of its oxygen, a circumstance 
cited in favour of the action of rust as a carrier of oxygen. 
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‘'As a matter of fact, however, grape sugar abstract 
oxygen much more readily from other metals. 

“Moreover, even if iron rust were actually able to attac 
organic bodies by ceding its oxygen to them, it would not b 
conclusive evidence that the same action is exercised toward 
metallic iron. Lead oxide, for instance, parts with its oxygei 
much more easily than iron oxide does ; nevertheless we knov 
that though a clean surface of metallic lead is rapidly coatee 
over with a film of oxide, this layer does not increase in thick 
ness, and consequently there is no transference of oxygen tc 
the underlying metal.” 

Ebelin makes the following appropriate remarks on the 
subject under consideration : — 

“ It IB true that a scientific explanation of the phenomenon 
has been proffered, but a subsidiary (or is it amain?) question 
has been left entirely out of consideration, namely, that some 
iron rusts readily, others only with difficulty, whilst some do 
not rust at all. For example, the unpainted iron chains on 
a fishing hut that came under observation wore entirely free 
from rust notwithstanding their extensive exposure to both 
water and oxygen. Other iron articles become rusty without 
having been m the ram. How is this ? If we examine an 
iron rod we find that it is mainly the .parts uncovered by 
scale which rust. Is not this tho point to which the lever 
should be applied? Should not attention be directed to 
preparing a kind of iron that will not rust, at least under 
paint? 

“ Furthermore we see in iron structures that, wherovor iron 
chafes against iron, the rust regularly sprouts out. Peihiips 
this defect also could be obviated in the manufacture. It is 
a remarkable thing that a speck of rust will strike through a 
coat of paint like a smoko stain will through distemper on a 
ceiling. This is most plainly visible when a white paint is 

used. At first the stain is concealed by the paint, but as this 
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dries it is seen that the rust has rendered the paint yellow. 
Is the oil to blame, by dissolving the rust, or is it due to the 
small percentage of water present in every oil paint? ” 

There has been in the past a considerable amount of dis- 
cussion and some differences m opinion as to the mechanism 
of rusting, in the first place as to whether rusting is due to 
chemical or to electrical action, and in the second place 
whether air or oxygen and water are the only essential factors, 
or whether carbonic acid in addition is necessary. 

“ W. E. Dunstan,^ after a number of experiments, came to 
the conclusion that rusting does not take place in water 
vapour, in dry air, or in dry carbonic acid, hut that rust is 
formed in contact with water if air quite free from carbonic 
acid is present. During the formation of rust, hydrogen 
peroxide is formed, which appears to he active in the further 
oxidation of the metal. The substances which will prevent 
rusting are those which destroy hydrogen peroxide. Car- 
bonic acid, although not necessary to the formation of rust, 
is active in increasing the corrosion of the metal, the rust 
formed under its influence containing ferrous carbonate or 
bicarbonate. Electrical action is not regarded as necessary 
to the formation of rust although it may take place when the 
iron is impure or is alloyed with another metal ; in this 
case the electro-positive portion of the metal becomes oxi- 
dised. 

“ G. T. Moody ^ is quite at variance with Dunstan, affirm- 
ing that rust does not form except in presence of an acid. 
Carbonic acid is more active in this respect even than a 
mineral acid since during oxidation it is regenerated. The 
retarding influence of solutions of salts is not due to their 
activity in' destroying hydrogen peroxide, but simply to the 
fact that carbonic acid is less soluble in them than it is in 
pure water, and hence is held in check more or less. Chromic 

> Proc Oli&m, Soc., 1903, 19 [ 267 ], 160 - 62 . « Ibid,, 1903, 19 [ 268 ], 167 . 
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acid solution is especially useful in preventing rusting as it 
dissolves ferric oxide quite freely.” 

With regard to the formation of hydrogen peroxide during 
rusting, W. E. Dunstan, H. A. D. Jowett, and E Gould- 
ing ^ view its formation as explained by one of the following 
equations : — 

Fe + Oj + Ho® “ FeO + 

Fe + OH 2 = FeO + and + 0^ = 

Dr. Edward Divers® in a discussion of the above results 
believes that the change is more nearly represented by the 
following : — 

(Oj + 2H.H0) + 4Fe + 0^ = 2 (HOFe'OoO ferrous oxy- 
hydroxidff and 2 (HOFe'^O + 0^ = 4H0Fe"' 0. 

“ With reference to the action of carbonic acid he states 
that in six samples of iron rust, the proportion of iron present 
as feme oxide varied from 51'12 to 68'89 per cent,, as ferrous 
oxide 23'18 to 36’57 per cent, and as ferrous carbonate 7‘93 
to 12'31 per cent, of the total. His opinion is that rusting 
taking place under ordinary atmospheric conditions results 
in the formation of ferrous carbonate which progressively 
oxidises and becomes basic. A controversy then followed 
between J. N. Friend ® and G. T. Moody and W E. Dunstan* 
which need not be followed. 

“ Dr. W. A. Tilden, however, obtained the same results as 
Dunstan, finding that carbonic acid although it caused rust- 
ing was not entirely essential. He regards it as probably due 
initially to electrolytic action resulting in the formation of 
ferric hydroxide or carbonate. This he explains as due to the 
fact that iron consists of various components, which present 
surfaces at different potential when in contact with watui*, 
aqueous carbonic acid, or other electrolyte, 

1 Joitni. Ohem. Soe., 1906, 87, 1648-74. “ Ibid., 1906, 21, 261-63. 

» Nature, 1906. 74, 640-64; Journ. Ohem. Soo., 1907, 38, 84. 

28, 68-4. 
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“ Busting is inhibited by treating the metal with 1 per cent, 
solution of chromic acid or with strong caustic soda. 

** 0- Burgess ^ investigated the corrosion of iron from an 
electro-chemical standpoint and found that unequal strains 
set up electro-chemical action ^ 

“ G. T. Moody ^ replied to Tilden controverting his conclu- 
sions. 

“ J. A. N. Friend^ figures an apparatus used in experi- 
ments which show that pure iron does not rust in contact 
with pure water and pure air. 

V. Andstrom^ states that the action of carbonic acid ap- 
pears to be only a secondary one, since the interaction of 
carbonic acid and metallic iron proceeds very slowly even in 
concentrated solution. 

W. B. Dunstan and J. E. Hill^ advance arguments 
against the electrolytic theory that iron dissolves in pure 
water owing to electrolytic action. Instead of the theory ad- 
vanced by Dunstan originally that hydrogen peroxide was an 
active agent in the formation of rust, it is now found that 
although it is formed to a slight extent it really is preser- 
vative in its action. It is stated that all materials which 
inhibit rusting render the metal passive, among these sub- 
stances being chromic acid, potassium bichromate, chromate, 
bromide, iodate, hydroxide, carbonate, chlorate, ferrocyanide, 
and permanganate, hydrogen peroxide, banum hydroxide, 
sodium carbonate, borax, ammonia, but in very dilute solu- 
tions of alkalis rust forms readily. 

“ Lambert and Thompson ® showed that pure iron does not 
rust in pure water containing dissolved oxygen.’* 

Here the matter must be left, but it^ may be stated that 

^ Ttans, Amcr, Electi ooliem, 5oc., 1908, 13, 17-54. 

® Joum, Ch&tn. Soc , 1909, 26, 34. 1910, 26, 179-80. 

Anorg, Ohcm , 1910, 69, 10-21. 

^Journ, Ch&m, Soo . 1911, 99, 1836-63 26, 290-91. 
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rusting which takes place under ordinary conditions is cer- 
tainly due to some extent to carbonic acid. 

The alterations to which iron is subjected in the earth 
were shown by a case where two lives were sacrificed through 
the breaking of a gas pipe, the rupture of which was effected 
by simple subsidence of the ground. The pipe was found to 
have been broken off clean, and exhibited, both externally 



Pig. 1 (natural size).— Rust on rolled sheet iron, scoured with pumice , pro- 
duced by falling drops of water constantly evaporated. 

and internally, a thick incrustation of rust, the sound core 
of metal being not more than -is to vir i^^ch in thickness 
Another peculiar instance of the corrosion of iron was 
carefully investigated by Otto Herting. Here an old iron 
rail, a T-shaped girder, was found at Cape Breton in a mine 
which had been abandoned for about twenty years. The 
metal had a specific gravity of only 2 '063, was greyish-brown 
in colour, could be cut and shaved with a knife, and powdered 
in a mortar, the powder being magnetic. Analysis furnished 
the following interesting result : — 
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It is thus evident that the film of iron silicate, known to 
be first formed when iron is allowed to he in the ground, was 
incapable of preventing the destruction of the rail m question > 


Fig 2 (magnified).— Bust on rolled sheet iron, scoured with pumioe , produced 
by falling drops of water constantly evaporated. 

and therefore cannot he regarded as an efficient protective 
coating for this metal. 

As Professor L. von Tetmayr has adequately shown, the in- 
fluence of smoke fumes on iron has not been sufficiently studied 
up to the present time, for we can see every day articles or 
objects that have, from the outset, been exposed to a strong 
acid corrosion without being protected from premature de- 
struction by any smoke shield or the application of some 
suitable paint. Through a better appreciation of the state 
of affairs the system of construction employed in unfavour- 
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able cases in Bavaria of late is such that the ironwork is 
almost entirely enclosed in cement concrete, which alone 
should afford an extremely durable, acid-resistmg coating. 
How great is the damage done to ironwork by sulphurous 



Era. 3 (natural sizo). — ^Buat produced on rolled iron plato in twelve lioure by 
moistening with water and leaving it bo dry. 


smoke gases is shown by numerous examples, a few of which 
are cited below : — 

In June, 1893, there was found in a corner of the abut- 
ment of the Swiss National Railway bridge where this line 
crosses the busy Aran track of the Swiss North-East Railway, 
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a steel chisel which had evidently been left there by one of 
the fitters sixteen years before. This tool was examined by 
me (yon Tetmayr) and found to be completely rusted away. 
With the exception of the under side on which it had lam 
and which was rusted only to the depth of about inch 
(l-J mm.), the chisel was covered on all sides with a layer of 
i inch (6 mm.) and more of rust. Such an extensive cor- 
rosion of steel in the air could only have been brought about 
by the action of water impregnated with sulphurous or sul- 
phuric acid, produced during the brisk traffic on the Aran 
line and deposited, with atmospheric moisture, on the acid- 



Fig. 4 (natural size) — Iron, plate with ruafc spots caused by water. 

proof painted surfaces of the bridge, whence it dropped on to 
the tool m question.*’ 

Among the plentiful instances of the rusting of iron 
structures by the action of smoke fumes, reference may be 
made to that recorded in the Bevue O^ndrale des Ghermns de 
Fer, June, 1893, p. 366. 

Again, there are various street bridges on the Swiss rail- 
ways which at present exhibit severe damage due to rust 
corrosion 

District Engineer Ebert, of the Bavarian State Eailways, 
reports the subjoined interesting case : — 
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" The bridge in the Central Station at Munich and the 
"Coppinger Strasae bridge at the Augsburg Station were both 
erected about the end of the sixties. The maintenance was 
of the usual kind, the ordinary oil paint being renewed from 
time to time. No special care was exercised in the selection 
of the paint or of the painters employed to lay it on, the 
injurious influence of the gases and vapour given off from the 
locomotives being then unknown. As m general, and espe- 
cially in the seventies, very little consideration was bestowed 



Eia, 6 (natural size). — ^Rusfe on rolled iron plate, produced in twelve hours 
by pouring water on to the plate and leaving it to dry. Rust flakes on clean 
metal. 

on the question whether the use of iron for bridge building 
is not only cheap but also advisable, in view of the special 
conditions of maintenance exacted by the situation and 
method of construction, so there was little fear expressed 
that the smoke and steam given off by the engines would be 
likely to cause such an extent of damage as was actually 
found to exist, in. the Coppinger bridge in particular. Even 
in recent years when the question was raised at the invitation 
of the Bavarian State Eailways, most of the railway managers 
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denied having encountered similar unfavourable experiences^ 
Nowadays the opinion then expressed by the Bavarian State- 
Eailway officials is universally held ; this is particularly 
shown by the experience gained in America and published; 
in the technical press. To resume the consideration of the 
question at issue, it must be observed that the maintenance 
and supervision of these two bridges was formerly, without 
doubt, carried on in a perfunctory manner. The traffic — 
especially that of shunting engines — passing under the- 



Pig. 6 (natural siae). — Euat on rolled iron plate, produced by a single applioa- 
tion of water left to dry on. 

bridges precluded the employment of the ordinary painters* 
cradles, and the men were obliged to work on planks sus- 
pended from the longitudinal girders and, of necessity, 
extending but a short distance below the framework. Here 
their confined and cramped position, aud the great personal 
inconvenience caused by the smoke and steam from the- 
engines passing underneath, led them to get through the 
work with the utmost dispatch without much regard to* 
thoroughness or the prescribed regulations. The removal of 
the soot and rust on the ironwork would certainly be very 
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inefficiently effected, and doubtless the paint was laid on 
damp places without previously drying them. Consequently 
a proper degree of hardening of the paint became almost 
an impossibility, since the steam from the locomotives was 
greatly retarded in its dissipation by the channels formed 
by the shape of the girders underneath, and would therefore 
be condensed on the surface of the iron. Such endangered 
portions were quickly coated over with a thick deposit of 
soot, so that m the course of the regular periodical inspection 
of the bridge the rust actually present was invisible to the 



Fig. 7 (magnified). — Rust on rolled iron plate, produced by a single applica- 
tion of water left to dry on. 

eye. When, however, in the year 1889, the thorough detailed 
examination of the Coppmger bridge was undertaken, it was- 
found to be so corroded in places as to necessitate immediate 
extensive repairs. On the removal of the top plates forming 
the roadway it became apparent that in many places, over the 
line, the cover plates, angle stays, and wall plates had become 
reduced in strength by as much as SO per cent. ; the angles 
of the vertical cross frames and the diagonal plates of the 
horizontal projection were in parts no thicker than a knife ; 
and, in fact, some of these angles were mere stumps. 
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In the Hacker bridge both the longitudinal street girders 
and the corrugated in.) iron plates were particularly cor- 
roded, the latter being quite eaten through in places. The 
damaged portions still exhibited, in section, the complete 
structure of the forged iron, and the smoked surfaces had a 
glossy black appearance. It therefore seems that not only 
rust formation, but also other and very extensive chemical 
changes had been produced by the constituents of engine 
smoke, sulphur dioxide, and so forth. No special investiga- 
tion was, however, made. 



Fig. 8 (natural size). — Bust produced on rolled iron plate by the action of 
concentrated hydroohlorio acid for twenty-four hours. 

In order to protect the renovated bridges from these 
injurious ejecta, a cover plate of galvanised corrugated iron 
was placed under the Coppinger bridge in 1890, and the 
whole of the longitudinal street girders and upper half of the 
cross girders of the Hacker bridge were encased in concrete, 
this treatment being applied to all the street bridges erected 
during the enlarging of the Munich Central Station. The 
aforesaid corrugated plates after being in position for three 
and a half years were found to be completely eaten through 
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in places over the sidings, but otherwise had fulfilled their 
purpose, m2!., the protection of the actual structure of the 
bridge. So far as the parts of the ironwork that were coated 
with concrete are concerned no unfavourable reports have as 
yet been received.” 

With regard to the action of lime, gypsum, and cement 
on ironwork set in fresh masonry, such as girders, ties, etc., 
the following particulars are supplied by experts : — 

Ironwork embedded in fresh mortar soon becomes 



Fig. 9 (natural size). — Bust produced on rolled iron plate by tbe action of 
concentrated hydrochlono acid for twenty-four hours. 

attacked to a considerable extent, especially the parts con- 
structed of wrought or rolled iron, cast iron being less sus- 
ceptible. The reaction shows itself first in the production of 
a strong coating of rust, which, moreover, is not confined to 
the surface but quickly extends towards the interior. Thus 
rust forms, in conjunction with the adjacent particles of mor- 
tar, regular scales, which are very brittle and chip off on 
bending or exposure to the slightest shock. In addition to 
this they absorb water from the surrounding mass of mortar, 
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thus contributing to the progressive destruction of the iron, 
R circumstance which explains why the oxidation proceeds 
with such rapidity that thin portions of the metal are entirely 
converted into rust within a comparatively short space of 
time. Moreover, the residual core of iron has undergone a 
notable alteration in its properties, the change being revealed 
in particular by reduced strength as well as by brittleness 
and shortness of fracture, its surface also often revealing a 
decided crystalline structure. 

It is worthy of note that iron increases in volume con- 
currently with the progress of the rust formation, a circum- 



Pio. 10 (nafcural size). — Bust on rolled u’on plate with defootive surface, pro- 
duced in five minutes by the action of dilute hydroohlorio add. 

stance that may become a source of danger to the structure, 
on account of the very considerable pressure accompanying 
such expansion. Thus, for example, it has been observed 
that blocks of hewn stone fitted in a defective manner with 
iron dowels and clamps, and set in mortar, have become 
forced asunder owing to this expansion, the masonry then 
requiring resetting. 

It is probably less generally known that gypsum exerts a 
similar though slighter effect on iron, manifested more par- 
ticularly when the two materials are in contact in positions 
where they are directly exposed to the influence of moisture, 
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or in rooms filled with very damp air. The degree of force ex- 
orted during the expansion will be evident from the following 



Eig. 11 (natural size). 



Fig. 12 (magniflod) 

Huat produced in five minutes on rolled iron plate, with damaged surface, by 
dilufco hydroohlorio acid, washed off with water and dried by licat. 

instance : In hanging a wooden yard gate three hinge staples 
were driven into the red sandstone gate posts on either side, 
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two of them — the top aud boUoiu staploa-— set in lead 
whilst the middle one was* plastered in, probably after tlio 
gate had been hung. After a time it was found tliat a coii- 
choidal fragment of stone was cliipping off on tlio inner side 
of one of the posts, without any apparent cause. This frac- 
ture left the plastered, hinge sta])le exposed and sliowod the 
metal to be in an advanced stiigo of destruction, scales of rust 
-J- of an inch thick peeling off easily. The gypsiuu also ex- 
hibited a characteristic red-brown appciarance. As, on in- 




Fiq. (natural Hl/.o).--RuHt prodiiwil on iron platn by liyilntchloru* auid Hint 

forrio (ililorido. 


spection, the door was found iioL to liave <‘xtu'ted any pressure 
on this middle staple, the only remaining explanation poHsiblc 
of the splitting of the otherwise ptTfeclly sound and veiult^ss 
stone was tho assumption that it was caused by tlu‘ expansion 
of tho metal in rusting. 

On the other hand, pure <ic}irient has ])i'ovt‘d itself an 
excellent preventive^ of rust, iron sot in pure eenu'nt nunain- 
ing unruflted even when kept under wah'r, Painting iron- 
work overwith a thin grn(‘l of coincnt also anHwt'rs v(‘ry well*. 
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and this coating, being at the same time cheaper, may be 
preferred to red lead (minium) paint. 

The rusting of iron under atmospheric influences in 
general, and under normal conditions, has hitherto received 
as little thorough attention as that produced by the action 
of smoke fumes, weak acid gases, dilute liquid alkalis, etc. 
When iron is left in the open air, and thus exposed to the 
influence of depositions and condensations of water, rain, and 
snow, brought about by fluctuations of temperature, it rusts, 



Fig. 14 (nafcui'ol size).— Rolled iron plate with damaged Rurfao© scoured with 
pumice and rusted by the action of hydrochloric acid during two lioui'S. iitf 
The lower half was rubbed dry and consequently is loss rusty. 

i.e , the iron — whether wrought or cast, rolled iron or steel — 
acquires a red incrustation, pulverulent when dry, easily 
rubbed off, and leaving a clean surface underneath provided 
the reaction has not occurred more than once and for only a 
short time. If, however, the deposition of water or moisture 
be repeated and prolonged, then the red layers increase in 
thickness, and when rubbed off leave behind them red and 
roughened patches, necessitating the employment of sharp 

instruments, forcibly applied, before the clean surface of the 
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metal can again be laid bare. By Ktill to 

the reaction, thick incruatationa of l-uhI. arc linall\ dt*vi‘lc»juMl, 
and when these are removed tlu^ surface of tiu* iron is found 
pitted with hollows of greater or Hiuallcr depth, lli(‘ cleaning 
of the metal being then a matter of miieh greater dinieulty. 
The author has examined a imiiilu'r of cast-iron gnispipes 
which had been left in the opem for Mwenil mnntlis, and 
found that the formation of rust liad protu't'di'd far from 
uniformly, although the pijKis w(‘re all exposed to pr(‘e.is(dy 
the same atiuosplieric conditions Mtiny of th<» pijx's had 



Fig. 15 (natural fli/o). — UuKt pruiUirod by cliluUt iiydroplilurit* i»ii iron 
plato with almofll undamiigotl Hiirfiu>o. 'I'lm ilnrk ]»ntrh in Uio muhllu 
ifl whoro the ruat haa oliippnd olT ; and tlu» dark line inidiirueat.h ahowa 
whore the layer ol ruat in pooliDf<. 


acquired only a slight him of rust, wliilst otiu'rs witro almost 
free from rust on the upper side— the oim most exposed to 
the rain — though the sidcH were covm'ed with <5oher<jnt, hut 
thin, layers of incrustation. hjVen in om* and the same 
some portions were quite free) frtun rust, wliilst others, quite 
close, boro a fairly tliiclc cnist. It was in many instancoH 
easy to see whore a raindroj) had fallen, by th(» rusty patch, 
from which a long thin film of rust ('xtendiul downwards 
along the sui'face of the pipe. ^I’he gn*ati'st develtjpment of 
rust was found usually at the ends of tln> pipes ; projecting 
portions of tho castings, as well as cracks and faulty places, 
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being also more extensively rusted than the plain surface 
The degree of incrustation was relatively greater inside the 
pipes, indicating that the rust-forming capacity of moisture 
is greater than that of water in the liquid condition. The 
question why these cast-iron pipes gave such different results 
under identical conditions of atmospheric influence seems at 
first sight to be somewhat difficult to answer. It is most 
probable that the difference is attributable to the material 
itself. Most probably the susceptibility to rusting is de- 
pendent on variations m the composition of the metal at 
various points, blow holes, the rate of cooling, and con- 



Eig. 16 (magnified). — Rust produced by dilute hydroohlono aoid on an almost 
UBt, undamaged surface of iron plate- The largo patch shows where the rust 
has flaked ofi. 

sequently the density, of the castings. That some or all of 
these factors have considerable influence is evident since the 
conditions under which the atmospheric influences acted were 
precisely the same in all cases, i.d., the whole of the tubes, 
several hundreds in number, were exposed under absolutely 
identical circumstances and for exactly the same period of 
time. 

The formation of rust under the action of atmospheric 
influences proceeds at a fairly rapid rate, though not so 
quickly as when the air is contaminated with smoke fumes, 
aoid vapours, and the like. In such air rusting will take 


36 


IRON-COEROSTON AND ANTI-CORROSIVE PAINTS. 


place, even without the access of water — whether as condensed 
moisture or as rain — at a much quicker rate than lu a purer 
atmosphere, its progress being still further accelerated by 
moisture, which dissolves these gases and condenses with 
them upon the metal 

It is a well-known fact that ironwork in the vicinity 
of factories employing coal as fuel suffers considerably from 
rust, and that in the neighbourhood of chemical works, where 



Fig. 17 (natuml size). — Rust produced on rolled iron plate by the application 
of a solution of oommon salt loft to dry on. 'Jlie dark portion to tho loft 
was coated with Imseed varnish. 

gaseous acids are discharged into the air, all articles made of 
cast, wrought, or rolled iron are so rapidly attacked by rust, 
in fact in a very short time thin sheet iron is completely eaten 
away. This is easy to understand, for if even a weak acid 
be allowed to act continuously on thin sheet iron, the latter, 
m a comparatively short time, becomes brittle through the 
formation of rust, and finally corroded into boles. 

The condensation of moisture on iron objects is also quite 
suflScient to produce rust and favour its progressive develop- 
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ment. The author examined an iron pipe which was kept 
through the winter in a perfectly dry place, and found that 



Fig. 18 (magnifiGd). — Bust produced on rolled iron plate by the apphoation 
of a solution of common salt left to dry on. 



Fig. 19 (natural sisso).--BuBt produced by common salt solution on rolled 

iron plate. 

the moisture obtaining access to the room in the course of 
diurnal ventilation, floor cleaning, and respiration, sufficed 
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to develop on the surface, before the spring, a fairly uniform 
rough coating of rust. It is also well known that polished 
articles of steel or iron can be rusted by merely handling 
them once, the thin film thus produced increasing progress 
sively as the articles are more frequently used, until finally 
an appreciable stratum of rust is formed. 

The author has ascertained by a series of experiments 
that the action of water, acids, common salt m solution, and 
other rust formers does not produce a uniform effect on iron 



Fig. 20" (natiirail sizs). — Hust producod on rolled iron plate by oommon s&lt 

solution. 

plate. Under identical conditions and on different parts of 
the same piece of metal some places were found spotted with 
rust, whilst others were free therefrom, without any differ- 
ence in the quality of the metal being discernible. More- 
over, the rust flakes themselves were far from uniform in 
intensity and shape, so that, here also, much still remains 
to be elucidated, a thorough investigation of the governing 
conditions being necessary. 

From the practical point of view the actual cause of 
rusting is a matter of indifference, it is likewise immaterial 


IRON-COEROBION AND ANTI-CORHOBIVE PAINTB. 39 

whether carbon dioxide plays any part therein ; we know 
that rust will form on iron, and we also know that ‘rust, in 
whatever form it appears, is a dangerous foe to the metal. 

It was once said by a practical man that “ sooner or later 
every iron bridge must fall into the water,” and even if this 
statement is not to be accepted literally, it nevertheless 



Pig. 21 (uabnral sizo). — Rust developed on rolled iron plate by fourteen days* 
expoHure to atniospherio notion. 


shows a full appreciation of the dangers incurred by iron 
structures, especially bridges subjected to heavy loads, if the 
formation of rust be not prevented by every possible means. 
On the occasion of the last great bridge accident (at Mon- 
chenstein, near Basle), an expert stated that “it appears 
certain the bridge was not kept in proper condition, but 
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that rust, that foe to all iron structures, had been allowed to 
gam the upper hand. Under certain conditions the rusting 
away of a few rivet heads will suffice to dangerously weaken 
such a structure as this, possessing but a minimum margin 
of safety.*' 

As a matter of fact it is not by the degree of rusting 
experienced by the massive components of iron bridges — 
such as the rolled girders, connecting pieces, stays, ties and 
such-like large and visible portions — that the safety and 



PiQ. 22 (magnified). — Bust produced on rolled iron plate by fourteen days* 
exposure to atmospheric infiuonces. 

strength of the entire structure is to be measured ; but it is 
a question more particularly of properly preserving the small- 
est component parts, present m very large numbers. In all 
iron structures an important function is discharged by the 
rivets, which have to unite the individual plates, stays, 
girders, etc., which in turn are jointed, screwed, etc,, to- 
gether. If rust is allowed to gain a foothold on the rivets and 
screws the rigidity of the entire structure is imperilled. The 
rusting of one, two or more rivets in a girder, stay, etc., may 
not endanger safety, provided there are plenty of others still 
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‘sound ; but, if suitable care be not exercised, the whole of 
the rivets and screws may become rusted, a most dangerous 
tihing to happen. If an invisible crack is sufficient, when 
filled with water and then frozen, to cause a large stone to 
split asunder, then a similar thing may occur with a rivet, 
a probably imperceptible space between the rivet head and 
the iron plate sufficing to admit water, set up rusting, and 
facilitate oxidation, so that in the course of years the rivet 



]Fi 3. 23 (natural size). — Bust produced on ii'on plaho through ordinary wear 
and ooudenaed moisture. 

-is entirely eaten away with rust, thus losing its hold and 
ipower of binding the parts together. If the same thing 
should happen with a large number of the rivets, then the 
•stability of the structure is rendered uncertain and accidents 
•of the worst kind may ensue. 

Bust is an unwelcome visitor on all iron articles, but in 
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the case of iron structures, especially bridges, it is a danger- 
ous foe, and one that should be combated by every available- 
means. The maimer in which this can be most effectually 
done will be thoroughly discussed in a later section dealing: 
with the prevention of rust by painting, etc. 

In preceding pages, a number of photographic reproduc- 
tions of the appearance of rusted iron plate and other objects 
will have been noticed, and to these comes a further series, 
requiring but a few words of elucidation. Under ordinary 
conditions, red-coloured objects, such as rust, appear dark- 
coloured m a photograph ; as the result, however, of experi- 
ments with various methods of illumination upon the iron 
plates here reproduced, it was found possible to obtain all 
the rust spots in more or less light-coloured tones, so that 
perfectly white spots indicate a strong formation of rust,, 
darker tones showing less intense rusting, whilst the darkest 
portions represent the clean metal. Another important re- 
sult, however, arose from these researches, that is, by means- 
of the method of illumination and reproduction employed it 
became possible to reveal specks of rust undiscernible by 
the eye alone, or even when aided with a hand glass, a 
circumstance which may find still further practical utilisa- 
tion. 

When the forms in which rust makes its appearance are- 
examined they will be recognised as varying in character. 
Thus, if a drop of water be placed on an iron plate (Eig. 1> 
the rust spot left behind on evaporation of the water corres- 
ponds in shape and dimensions to those of the drop. The 
colour is a rusty brown-red, with darker patches indicating 
that even m the case of a single drop of water the oxidation 
is by no means uniform. This is also evident from the 
variations in the thickness of the rust film, which, moreover,, 
is interspersed with rust-free specks through which the clean 
surface of the unaltered metal is visible. On magnifying 
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(Fig. 2) these rust spots, although extremely thm, it 'will be 
noticed they already exhibit signs of flaking off. 



Fig. 24 (natural size). — Ruat developed on sheet iron in ordinary use as a 

above pipe. 



Fig. 26 (natural size), — Sheet of iron perforated by rust; the white patchaa 
are the holes, and the dark lines show the flakes of rust m the oot of 
pooling oft. 
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On leaving a stratum of water on the surface of an iron 
plate for twelve hours, and then removing the water by 
evaporation, a stronger development of rust is found which, 
especially towards the edges of the plate, is already compar- 
able to a crust. In this case, peculiarly enough, the centre 
of the plate (Pig. 3) seems to be almost free from rust, only 
a few islets having formed. Peehng off is apparent on a 
more decided scale than in the previous experiment. 



Fig.^ 26 (natural size) — Thoroughly corroded iron plate : atmospherio 

action. 

By pouring water once over an iron plate so as to 
thoroughly cover the entire surface (Pigs. 3 to 6) and then 
leaving it to dry, only a very slight film of rust is produced, 
the colour of which is uniform, though a number of spots 
are left clean and unrusted. This test results in nothing 
remarkable since similar effects can be seen daily. 

The application of concentrated hydrochloric acid, allowed 
to react during twenty-four hours (Pig. 8), causes the iron to 
dissolve as ferric chloride (Pig. 13) On lightly washing the 
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solution off with water and leaving the iron to dry in the air, 
a coating of rust, containing numerous contiguous rusty ex- 
crescences on a clean-etched surface of metal, is seen, these 
WBiTty lumps being in places so closely packed as to simulate 
a crust. The colour varies from ordinary rust-red to dark 
brown. 

The reaction of concentrated hydrochloric acid for twelve 
hours (Fig. 9) produces a coherent crust, of fairly regular 



Pig. 27 (magnified). — Thoroughly corroded iron plate : atmospheric action. 

depth, which has already shown signs of peeling off Below 
this incrustation is a secondary formation of rust, so that 
when the upper crust falls off or is dissolved, a new layer will 
be found, which, however, takes much longer to arrive at the 
peeling-off stage. 

When dilute hydrochloric acid is left to act for only a 
short time (Figs. 10 and 11) there is formed a coherent layer 
of rust of a fairly uniform dark rust-brown colour. Only in 
a few patches, where the surface produced by rolling has 
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been damaged, is the uncorroded metal to be seen. No 
loosening of the rust coating can be detected, a proof that it 
is relatively very thin. 

In two hours dilute hydrochloric acid produces thicker 
incrustations of rust (Eig. 14) rather browner in colour. In 
this case also there is no indication of rust warts, neither 
has the peeling, shown in Eig. 15, yet commenced. 



Fig. 28 (natural size). — ^Thiok incrustation of rust developed on a wrought- 
iron diso by exposure in the open air. 

The highly energetic action of common salt as a rust 
former is evident from Eigs. 17 and 19, almost the entire 
surface of the iron in both cases being covered with a rela- 
tively thick crust, requiring but a very short time for its 
•development. There occurs both a uniform surface of rust 
and individual rust warts; in this case also the peculiar 
phenomenon of a thicker incrustation round the edges is 
noticeable. 
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In all the preceding experiments, in which the artificial 
production of rust was effected in order to obtain an insight 
into the action of the different agencies, 
scarcely any further progression of the 
rusting has been observed, owing to the 
fact that the conditions of such develop- 
ment were lacking, the samples having 
been stored in a dry place. Only after 
the lapse of months could any altera- 
tion in the layers of rust be detected. 

This extension maJies itself evident 
in various ways. In all cases where' the 
rust was caused by the action of water 
the increase was scarcely, if at all, ap- 
preciable after three months' storage 
in paper, this latter material being, as 
is well known, an excellent protection 
•against rust. When rephotographed 
"the plates exhibited no alteration and 
the rust had therefore made no further 
progress. In the case also of the rust 
produced by salt solution, the photo- 
graphic picture "taken after three 
months showed no alteration. Pos- 
•sibly the superficial crystalline layer of 
sodium chloride may have acted as a 
protective The behaviour of the plates 
i;reated with hydrochloric acid was, 
however, different. Here the storage 
period of three months, even in a per- 
fectly dry state, suflices not only for 
the complete separation of the upper 
layer of rust in the form of a coherent sheet as thin as paper, 
but also for the formation of a new thick underlying stratum 



Fig. 29. — Wroogbt-iron pipe corroded in the soil. 
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which., although stUl adherent to the surface of the iron, will,, 
in turn, peel off after the lapse of several months, the metal 
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f'lQS. 30 and 81. — ^EuBt pittmgB in famned sheet iron stored for ten years in a 
oeUar. The black patches are the rust, the lighter portions indicatingr 
the clean metal. 


thus undergoing further corrosion. A decided progression of 
the rusting was also exhibited by the samples treated with 
dilute hydrochloric acid for a short period only; even the 
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application of a coat of linseed varnish — which was immedi- 
ately absorbed by the layer of rust and thereby spread out in 



Figs. 82 and 38. — Bust pittiings in binned sheob iron after ben years' storage in 

a cellar. 

the latter — proved incapable of preventing peeling, the crust 
in the portion treated being coherent and removable in a 
single piece. 
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With regaord to the magnified views of these specimens it 
will be seen that in each of the reproductions marked “ natural 
size” a white ring is drawn indicating the part magnified : 
hence the differences revealed by magnification can be readily 
seen by comparison with the original. In all instances the 
lightest patches indicate the palest-coloured portions of rust, 
the deeper tones the darker-coloured pieces, and only the 
black masses represent the still clean, unattacked metal 



Fig, 34 (natural size).— Rolled sheet iron scoured -with pumioe and exposed 
for five minutes to the action of concentrated hydrochlono acid. The 
holes have been eaten away by rust. 

Fig. 21 shows rust produced in the natural way, the iron 
plate having been exposed to atmospheric influences for four- 
teen days and nights in succession. Here again the pheno- 
menon already referred to was observed, the metal being 
completely rusted over in some places, while in others only 
spots about the size of a needle point could be observed. In 
the first-named patches the formation exhibited the decided 
characteristics of rust in general, especially in view of the re- 
lative shortness of the exposure, the incrustation being even 
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more intense than that exhibited by the twenty-four hours’ 
reaction of hydrochloric acid. A number of somewhat con- 
siderable rust warts of varying colour and thickness were 
formed. In this case in particular the photographs afford a 
decided proof of the damage that may be occasioned to iron 
by the action of atmospheric influences, and it is really in- 
comprehensible that iron articles should be — as they fre- 
quently are — left lying exposed to the open air for weeks 
and months without any protection. 

The progressive development of rusting naturally leads 
to much more serious consequences in comparatively thin 
sheet iron than in more massive castings. The former, when 
once actually attacked by rust, being entirely corroded in 
a comparatively short space of time, i.e., the rust continues 
to extend and attack fresh, hitherto sound, portions of the 
metal, which finally becomes so far permeated thereby that 
it is rendered brittle, perforated with holes, and finally 
crumbles entirely away. An advanced stage of rusting is 
shown in Pig. 23. Tho rust forms thick layers — removable 
in the form of rust-brown powder when scraped with a 
knife — on the sturface of the iron, which still retains some of 
its strength, though it will break if bent several times in the 
one place. Surfaces laid bare by scraping away the rust 
•show either clean metal or rust pittings, the rust having 
changed colour, becoming yellowish-red, and flaking off in 
thick scales. 

At a still more advanced stage of rusting, portions of the 
corroded plate easily break away — as shown in Figs. 24, 25 
— when touched, and holes are formed. Hence the cohesion 
of the mass — which, with the exception of a few unaffected 
patches, now consists entirely of rust — is destroyed. In the 
present case the rust is nearly black-brown in colour, inter- 
spersed with a few light patches, though a few individual 
fragments of iron appear to be still present in the mass, these 
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being, however, m a somewhat decomposed condition. The 
corrosion of sheet iron to such an extent as to form small, 
almost imperceptible holes, is almost invajiably due to the 
action of acids ; corrosion of this kind is often found on tin- 
plate (Figs. 30, 31), the author having noticed it on tinplate 
bottles in which spirit or spirit varnish has been stored for 
some years, the tin coating being first loosened and the iron 
afterwards corroded in holes by rusting. 



Pig. 86 (magnified). — Boiled sheet iron scoured with pumice and exposed for 
five minutes to the action of concentrated hydrochloric acid. The holea 
have been eaten away by rust. 

A destructive action on sheet iron is exerted by the smoke 
fumes from coal fires, these causing the metal to fall prema- 
turely into ruin. The causes having already been detailed, 
it is only necessary now to give a reproduction of a sample 
of such plate showing clearly the condition to which it at- 
tains. 

An example of the complete corrosion of sheet iron is 
shown in Fig. 24, wherein a considerable number of rusty 
excrescences, resting on a stratum of rust already in the 
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peeling stage, are to be seen, portions of the underlying metal 
being also visible. 

As will be evident from Pig. 28, no difference in form 
between the rust developing on cast and wrought iron re- 
spectively can be detected, rust warts and peeling off being 
met with in both cases ; neither is any difference apparent 
in the incipient stage of rust formation. 

Bust, as we have seen, makes its appearance as a thicker 
•or thinner incrustation at individual points, and also in 
groups of rust flakes which, by increasing in thickness, be- 
■come rust warts. The thickness of the layers varies accord- 
ing to the nature and duration of action of the rust-forming 
influences at work, often attaining to the dimensions of a 
millimetre inch) or more, and frequently manifesting a 
tendency to peel off as already mentioned. This peeling oc- 
curs in thin as well as in thick layers of rust, and, with the 
exception of extremely thin layers, appears to be independent 
of the thickness although more noticeable in the thicker 
layers. 

The colour of rust is somewhat variable, being mostly a 
rather bright yellowish-red when newly formed, passing, 
with age and increasing thickness, into dark red-brown and 
even blackish-brown, though paler patches may still appear 
amid the dark layers. Very old rust is mostly blackish-brown 
and exhibits a more or less lustrous, almost crystalline ap- 
pearance. When converted into powder the colour of rust 
is bright yellow-red, like that of the fresh product and the 
natural oxides of iron. Owing to the porous character of 
rust it readily absorbs water and considerably retards the 
evaporation of that liquid. It also easily takes up oily sub- 
stances, which, on permeating the interior of the mass 
of rust, soften it and facilitate its removal by scraping. A 
similar effect is produced by petroleum, which property is 
taken advantage of in cleaning rusty iron by moistening it 
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I petroleum, then scrubbing with sharp sand, pumice,, 
a paper or emery paper. 

Saving now become acquainted with the circumstances- 
er which rust is formed, and also having recognised the 
rious eiBfect of rusting» on iron, we turn to the question,. 
V can rusting be prevented, and what means should be 
)loyed to this end ? 



86 (natural aize). — Boiled aheot iron with apparently uninjured surfaoer. 
No developtnent of rust ooouried after exposure to concentrated hydro- 
chloric acid for five minutes. 

In principle one ^ might reply that the best remedy is to 
elude all the agents which are capable of aiding in the 
nation of rust, i.e., to keep out of contact vsdth air (oxy- 
, carbon dioxide), water (m whatever form), acids, caustic 
sbhs, chlorides, and so on. To accomplish this, however^ 
mpoBsible, since, in view of the multifarious uses to which 
1 and steel are adapted, it is manifestly impossible to ex- 
de air and the other agents by any practicable means, 
ere remains, therefore, no other course but to enclose or 
t the iron with such substances which will keep the air 
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and moisliure from actual contact with the metal, a matter of 
less difficulty than would perhaps appear at first sight, though 
the exclusion of acids, salts, etc , is more difficult, if not im- 
possible, to accomplish. If we can surround the metal with 
some substance or material which while preventing the ac 
cess of air and moisture, at the same time may be spread so 
thin that it leaves the form and outward appearance of the 
iron unaltered, then the problem is solved. Substances ful- 
filling these requirements do exist and have long been known ; 
notwithstanding this, the permanent banishment of the foe 
has not been successfully accomplished, the reason for which 
IS to be sought in the fact that these substances also in 
course of time are subjected to natural wear and tear, 
hence can only afford the requisite security for a certain 
period, their renewal being necessary when that limit is 
reached. 


Addendum to Chapter I 

In a paper read at a meeting of the Franklin Institute a few 
years ago, Mr. A. S. Cushman put forward his views as to the rust- 
ing of iron It is assumed by him that iron first dissolves replacing 
the hydrogen in water, and that the oxygen then combines with the 
metal in solution to form rust, at the same time electrical charges 
which have been generated become neutralised. This action does 
not proceed uniformly over the whole surface of the iron but is 
localised to certain nodes or points. This is especially noticeable 
m the form of corrosion known as pitting ’* in which local electro- 
lysis has been most active, and where rusting to a considerable 
extent has taken place. That local electrolysis does take place 
can scarcely be doubted, otherwise the iron would go into solution 
evenly all over the surface. The conclusion is drawn that in order 
to prevent corrosion as much as possible the metal should be as 
free from impurities, and should be worked by heat and other 
treatment so as to render it as homogeneous as possible and to 
free it from any nodes at which positive or negative charges could 
be generated . 


CHAPTER 11. 

BUST PBBVBNTING. 

The protecting or rust-preventing substances in general use 
may be divided, according to the purpose for which they are 
suited, into several classes, viz . : — 

I. Such as afford a permanent preventive remedy against 
the formation of rust, irrespective of the expense and diffi- 
culty of the process of application. This object can be at- 
tained by ; — 

(а) Enamelling, i.e., civering with a vitreous coating by 
the aid of great heat. 

(б) Coating with other metals but little, if at all, liable to 
oxidation— zinc, tin, lead, copper. 

The protection of iron and steel by deposition on its surface of 
a thin coating of metallic zinc, either by electroplating or by the 
process invented by Sherard Cowper Coles, is largely resorted to 
especially for small articles preliminary to painting. Iron and 
steel are also protected by nickel-plating and silvering. 

Small quantities of other metals when alloyed with iron are 
known to profoundly modify its properties. This is also the case 
in relation to its liability to rust. Very small quantities of 
chromium, vanadium, tungsten, and molybdenum render the metal 
less liable to rust or to b^e attacked by acids, in fact a perfectly 
rustless steel is now being made by the use of chromium. 

(c) Pickling or browning, i.e., producing a layer of oxide 
or other compound on the metal, whereby further rusting is 
precluded for a long time. 

II. Substances which will prevent the formation of rust 
for a lengthened period (the method of treatment being 

( 56 ) 
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limited by the dimensions of the pieces to be protected, and 
■the expense and ease of application of the process). Enamel 
"wathstands the action of alkalis, chlorides, and even of acids, 
so that we have here at disposal a method capable of protect- 
ing iron from such agencies and permanently maintaining it 
in a. rust-free condition There are, however, two weighty 
circumstances which restrict the application of both enamel- 
ling and plating with other metals to a certain range of objects : 
first of all expense, and (in the case of enamel) the impos- 
.sibility of treating articles above certain dimensions. The 
process of applying metallic coatings is expensive, while in 
enamelling difficulties are encountered due both to the large 
size of the parts used in some structures, bridges, and to 
the cost. 

Hence our interest is necessarily restricted to the cate- 
gories II. and III., and these will be dealt with in the suc- 
ceeding sections classified in the following order : — 

1. Paints in general for use on iron. 

2. Eust-prevenfcing (anti-corrosive) paints ; the conditions 
ior their preparation and use. 

3. Anti-fouling compositions (paints for ships* bottoms). 

4. Other methods of rust prevention : — 

{a) Rubbing over with fats, oils, or compositions based 
“thereon. 

(Jb) Various processes for obtaining protective coatings 
against rust. 

To this class belong — 

Coating with liquid or semi-fluid substances endowed 
with the property of drying hard, so as to form a sohd integu- 
ment preventing the access of air and moisture; painting 
with oil and other paints ; coating with lacquers, varnishes, 
and tar or tarry bodies. 

III. The protection of iron during transport or storage, 
up to the time it is to be put into use, whereupon the coating 
can be easily removed. This is effected by — 
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(а) CoatiDg or rubbing over with solid and liquid fats or 
compositions which can be readily rubbed or washed off" 
when the iron is to be used, and therefore exhibit but a very 
low coefficient of adherence to the metal. 

(б) Graphite. 

Spennrath divides the usual coatings applied to prevent 
rust on iron into such as are prepared by — 

(a) Painting with oil paint 

(b) Covering with solid or liquid fats. 

(c) Painting over with tar or asphalt. 

(d) Eubbing with graphite. 

(e) Covering with other metals 

(/) Pickling. 

The classification previously mentioned is preferred by 
the author as affording a more correct representation of the- 
various feasible processes for protecting iron from rusting. 

The methods referred to under I. (a) and (6), viz,^ enamel- 
ling and coating with other metals, will, experience teaches,, 
give the most favourable and certain results, since they do^ 
actually completely exclude the metal from contact with air, 
oxygen, carbon dioxide, and water. 

The Pbotbotion oe Iron erom Etjsting by the Applica- 
tion OF Varnishes, Lacquers, and Oil Paints, Tar. 
and Tarry Substances. 

As expressed in the preceding section, we are taking as 
our starting-point the idea of protecting iron from rust as long 
as possible, consistent with the size of the objects, reasonable 
cost, and facility of performance of the process ; this end be- 
ing attained by coating the iron with liquid or semi-fluid 
substances endowed with the property of drying hard, so aa 
to form a solid integument preventing the access of air andi 
moisture. 

When it is merely a question of simply protecting iron 
from rust, without regard to permanence, the object in view 
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can be attained in a very simple manner by painting the 
article over with a quick-drying solution of resin, a spirit 
varnish (lacquer), or a solution of celluloid. This method i& 
easy of performance ; the varnish dries quickly, and the iron, 
when not exposed to the weather, will be protected from rust 
for a reasonably long time. Lacquers of this kind are largely 
used for protecting iron and steel ware and utensils of various- 
kinds, for which purpose they ore eminently suited. 

What we have in view, however, and now proceed to con- 
sider, is the protection of larger objects made of iron — iron 
structures such as bridges, iron buildings, etc. For this pur- 
pose a simple coating of lacquer which dries quickly but ex- 
hibits no sufficient powers of resistance is inadequate. 

Since the application of iron to constructive purposes of 
all kinds, including shipbuilding, has attained such enormous 
proportions, attention has been directed to the provision of a 
sufficiently resistant covering for the metal. To some extent 
this has been found in oil paint, a mechanical mixture or 
pigment with linseed oil or linseed varnish, which, when laid 
in a thin coating on the surface of the iron, dries under the 
influence of oxygen, as a cohesive skin adhering to the metal. 
The continuity of the coating varies according to the pigment 
employed ; and for a certain time the rust-forming influences 
are excluded from the metal, which for a longer or shorter 
period remains rust-free. 

In the course of time, after a lapse of months or years, 
according to the pigment and the quality of the linseed oil 
or varnish, sundry changes in the constitution of the paint 
skin are induced by the influence of air and rain , its original 
elasticity is impaired, gradually giving place to brittleness, 
the mass finally attaining a condition in which, though still 
hard, it can be easily removed by scraping. Subsequently 
the residual mass becomes still further decomposed, the com- 
bination between the pigment and its vehicle, the varnish, 
being destroyed, and the former gradually removed by the 
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action of ram, wind, and the scouring effect of the dust raised 
by the latter, so that the iron is exposed and will naturally 
begin to rust under the usual influences. 

The causes of this final destruction of the paint reside in 
the chemical alterations completed in the linseed oil or 
varnish, which have been attributed to the conversion of 
the elastic and cohesive linoxic acid into brittle linoxin. It is 
not the author's intention to enter more minutely into the 
question of the chemical changes occurring in linseed oil, 
varnish and paint ; but, in view of the divided opinions pre- 
vailing on this point, he will confine himself to affirming the 
fact that all such coatings, whether composed of linseed oil, 
varnish or paint, inevitably perish, and that consequently no 
permanent protection, such as that afforded by enamelbng, 
can possibly be attained. Moreover, no such permanence is 
expected in practice, a durability of two to five years as the 
maximum being held sufficient for a paint composed of good 
materials properly applied. Mention should not be omitted 
that it would be possible to prolong the life of a paint by dry- 
ing at a higher temperature than usual 50® to 60° C.), 
this treatment rendering the coating unusually hard, resistant, 
and more durable than when left to dry m the air. The pro- 
cess is, however, beset with difficulties on account of expense 
aind in convenience in application ; moreover, it could not be 
employed in the case of iron structures already erected, since 
it is practically impossible to enclose an iron bridge, for 
■example, m such a manner as to form around it a hot-air 
space for drying the applied paint. Consequently the idea 
not being feasible the painting must of necessity be carried 
on in the ordinary way. 

Like many other substances both organic and inorganic, 
even the best oil paint finally undergoes decomposition ; we 
are therefore restricted to the endeavour to elucidate the 
factors which will enable us to produce an anti-corrosive 
paint of the hi ghee fc attainable durability. 
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The attempts made in this direction followed from the 
employment of iron for building purposes ; it must, however, 
be stated that, on the one hand, requirements were exacted 
by consumers which it was impossible to fulfil, and, on the 
other hand, statements were made and claims put forward by 
some paint manufacturers, on behalf of their products, which 
to say the least were somewhat optimistic. Thus, for example, 
it is too much to claim for a paint that it will prevent the 
further extension of any existing rust on iron, or to expect a 
paint to permanently withstand the attacks of acid vapours 
or strong alkalis. Neither would anyone acquainted with 
the composition of oil paints expect them to be fireproof, see- 
ing that he would be aware that every organic substance — 
and oil certainly belongs to this category — is combustible, and 
must therefore be destroyed on the attainment of a certain 
temperature. It is consequently unreasonable to exact of a 
paint requirements it cannot possibly fulfil. 

It may be stated, however, with regard to the question of 
protecting iron from rusting, that the use of an oil paint, made 
from good materials, properly applied and renewed in good 
time, is still the best means available for the purpose of 
preserving iron structures. Moreover, the author is convinced 
this will long continue to be the case, for he cannot conceive 
any other coating endowed with the same qualities and yet 
easy to apply and renew. The question as regards iron is 
difficult, whereas it is easy in the case of wood, for the simple 
reason that two entirely different substances are under con- 
sideration, the one able to partially absorb the oil or varnish 
of the paint and thereby to render the subsequent coatings 
adherent; whilst the other, iron, being impenetrable, the 
paint is strictly a surface coating. Consequently paints for 
iron must be of highly adhesive character in order that they 
may not be liable to dislodgment, which if it occurred would 
defeat their aim. Another important factor is the condition 
of the iron previous to the application of the first coating. 
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The weight and dimensions of iron structures in general 
frequently precludes the possibility of keeping them under 
cover and sheltering them carefully from atmospheric in- 
fluences; this undoubtedly affording the first opportunity 
for rusting to occur. This primary formation of rust rapidly 
spreads and increases in thickness ; as we have seen that a single 
drop of water, allowed to fall on iron and then left to evapor- 
ate, IS sufficient to produce a spot of rust, it is not surprising to 
find that rolled or cast iron is considerably rusted after a very 
short period of storage. This rust is, from the outset, the 
most powerful antagonistic influence to the resistant capacity 
of the succeeding paint, unless it is entirely removed before 
the latter is applied. Other contributory influences are also at 
work, among which may be mentioned the electrical tensions 
■due to rust, referred to by Mulder in the following terms : — 

“ Like all other chemical reactions, rusting is accom- 
panied by electrical tensions set up in the affected objects. 
An iron article may remain bright for a long time, but when- 
ever any portion is attacked by rust the latter will very 
quickly spread over the entire surface. It is therefore es- 
sential, for the proper upkeep of the article, that all rust spots, 
however formed, should be, as early as possible, prevented 
from spreading ; and to this end they ought to be painted 
over again at once, without waiting for all the old paint to 
disappear before laying on an entirely fresh coat over the 
whole surface. 

“ Then follows the method of protecting one metal by 
means of another, by bringing the metal to be protected 
into such a condition that it is less susceptible to attack. 
Thus strips of zinc or iron laid on the copper sheathing of a 
ship preserve the latter metal (Sir H. Davy’s discovery), and 
steel knives and other articles can be also protected from 
rusting by strips of zinc. 

“ Such ah application of zinc strips to large iron articles, 
whereby an intimate metallic contact is produced, cannot 
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prove otherwise than advantageous. A galvanic action is set 
mp between the zinc and the iron, m consequence of which 
the former metal is more readily oxidised than the latter, and 
the iron is thereby protected from rust A galvanic appliance 
of this kind must be laid on the bare iron, and the zinc must 
not be painted, though all the iron is coated over. A piece 
of zinc here and there will be sufficient, and they can be at- 
tached in inconspicuous positions, so that the appearance of 
article is not spoiled. 

‘^This leads me to the consideration of the places of 
maximum corrosion in large iron structures, w., wherever 
two pieces of iron are attached together. If two strips of 
platinum be cut from the same plate, immersed in the same 
liquid, and connected to the opposite ends of the wire of a 
galvanometer, a current will at once pass. Exactly the 
same effect is produced between two pieces of cast iron from 
■the same foundry, and even from the same furnace charge, 
and the action is the greater m proportion to the difference 
in composition between the two pieces of iron involved. 
Screws, nails, and rivets, form points of departure for the 
•‘Commencement and spread of rusting ; it is therefore chiefly 
the points of attachment that must be protected in large iron 
■structures. I am of opinion that, in general, far too little at- 
tention is bestowed on the accurate fitting of the connections, 
and that it is believed that an external covering, to be ob- 
tained by repeated coatings VTith paint, is sufficient. What 
I mean is this * that it is much better, for the attainment of 
durability, to cover the connections well and not paint the 
large pieces all over than to adopt the converse plan. Gal- 
vanic action always goes on between an iron screw-bolt and 
its iron nut ; nevertheless atmospheric moisture is sure to 
find its way in between, even though the screw seems to fit 
•quite tight. The first and principal care must therefore be 
■bestowed on the fitting together of the sections. If on join- 
ing up two masses of iron end to end the latter are rusted. 
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the rust must first be cleaa.’ed away ; the same applies to rivet 
holes, rivets, bolts, and nuts, such parts of the surfaces of all 
these as are to come together and cannot afterwards be 
reached by the brush from the outside being at the time of 
assembling coated carefully over with a protective medium- 
capable of lasting as long as the surfaces are to remain in 
contact. The coating must also be thick enough to fill up all* 
open intermediate spaces, a matter of no great difficulty in the* 
case of bolts, nuts, and rivets, but one that requires specially 
suitable means in order to render the adjacent surfaces air- 
and, water-tight where large pieces are in question.” 

Although this utterance of Mulder has brought us to- 
a diiBferent stage of the question, we will revert to the point 
that all rust must be carefully removed from iron before 
painting. This object can be attained in several ways : — 

1. By scrubbing or scouring with some hard substance,, 
such as pumice, emery, sand, coke, etc. 

2. Scrubbing with wire brushes. 

3. Pickling with acid. 

The first and second of these methods can be employed, 
without the least risk of exposing the iron to further injury,, 
the rust being removed by mechanical means, and nothing 
left behind to subsequently damage the paint in any way. 
The operation is often facilitated by the employment of 
substances able to penetrate the rust, which is thereby- 
softened or loosened, and rendered more easy of removal. 

To this class of substances belong the fats and oils, 
petroleum being especially preferred for this purpose. There 
IS nothing objectionable in the practice, only that it is neces- 
sary to see that, after the rust has been removed, the surface 
of the iron is properly cleansed from any adherent fat, oil, or 
petroleum, since the merest film of oily matter will prevent, 
the paint from adhering to the metal, and will moreover give 
rise to bubbles or retard drying. Oil or petroleum may 
therefore be used in order to facilitate the removal of rust. 
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from iron, provided the oil or petroleum is subsequently elim- 
inated completely. Nothing is more inimical to the durability 
of paint on iron than an insecure adherence of the first coat 
to the metal. 

The pickling operation with dilute acids (mostly hydro- 
chloric acid) referred to under 3 affords a fair guarantee for 
the exclusion of rust, it is, however, attended with incon- 
veniences of another kind. It may, for example, easily 
happen that the acid is not completely washed off, in which 
event the residual traces not only prevent the adhesion of 
the paint to the metal, but also give nse to the formation of 
rust underneath the paint and thus render the latter of no 
avail 

The instructions issued by railway companies with regard 
to the painting of ironwork frequently contained paragraphs 
to the effect that the pieces must be washed over with or 
placed in a bath of dilute hydrochloric acid, followed by a 
bath of milk of lime ; they are then to be laid in hot water, 
and when Removed will dry readily by reason of the tempera- 
ture thus attained by the metal. Now experience teaches 
that such operations are not performed with the care in- 
dispensable to success, and it is therefore very easy — and 
probably of frequent occurrence — for the rust flakes to retain 
some of the acid liquor, which not only exerts an oxidising 
action upon the iron but also prevents the due adhesion of 
the paint. Pickling is a well-known operation, and there is 
no lack of opinions, favourable and adverse, on this subject. 
Here again reference may be made to Mulder*s insufSciently 
known and still less properly appreciated work on Drying 
Oils. 

Mulder also denounces the method of cleaning iron by 
immersion in an acid-bath, and says: ‘‘The layer of sub- 
oxide on the surface of both cast and hot-rolled iron plate 

should on no account be removed from large objects which 

6 
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are exposed to wind and weather and are intended to be 
painted. On this account I must decry the method wherein 
iron castings are cleaned by immersion in a bath of dilute 
hydrochloric or sulphuric acid, and then treated with milk 
of lime and warm water to wash the acid away again. Oast 
iron IS never entirely perfect, the surface always containing 
small channels and depressions wherein the acid water 
lodges, so that complete neutralisation by milk of hme 
cannot afterwards be attained. Consequently the acid will 
sooner or later make its presence known by the reaction set 
up. It brings the iron into a constant state of susceptibility 
to rust, and increases its electrical power. If one end of a 
piece of bright iron be dipped in dilute sulphuric acid the 
portion left exposed to the air will rust very quickly, whereas 
another piece of similar iron m an adjacent situation will 
remain bright. Since, therefore, it is the acids which so 
greatly tend to favour the production of rust, I hold that 
iron should be kept apart from them as far as possible.” 
All iron that is intended to be painted must be absolutely 
dry, because no paint will adhere to a damp surface, es- 
pecially when that surface is of iron. A distinction is here 
dravm between damp and wet, for it is absolutely impossible 
to apply a coat of paint to a wet surface of iron, i.e., one 
covered with a layer — be it never so thin — of water, the paint 
simply refusing to adhere. On the other hand one can lay 
paint on a damp iron surface ; only, when dry, the coat of 
paint does not adhere, and therefore has no stability, but 
flakes or peels off. 

It is highly probable that this cause is at the bottom of 
many failures, since the labourers generally entrusted with 
the painting of ironwork can hardly be expected to under- 
stand the meaning of absolute dryness. Another factor 
influencing the moisture on iron is the difference in tempera- 
ture between the metal and the surrounding air. In painting 
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ironwork out of doors, especially sheet-iron roofing, the con- 
densed atmospheric moisture plays an important part. It 
may readily happen that with a cloudless sky the tempera- 
ture of the iron may — by reason of its property of radiating 
heat — fall below that of the air. In consequence of this 
iiendency, outdoor painting on iron in the early morning of a 
spring day is attended with particular difficulty, owing either 
to the metal being already coated with moisture or becoming 
so as the sun rises. The same thing occurs in the evening 
at sunset, at which time a fresh deposition of moisture occurs 
— especially when a rapid fall in temperature takes place — 
which covers the fresh paint with water, and tends to 
counteract the adhesion of the paint to the metal. Conse- 
quently, since work often must be commenced late and the 
coat must be dry early, it becomes necessary to employ very 
fluid and quick-drying paint, which must also be applied as 
thinly and uniformly as possible, otherwise rapid drying will 
not result. Painting should not be begun until there is no 
longer any risk of the condensation of moisture on the metal ; 
and the paint must be so far dry before evening that it ad- 
heres to the iron and cannot be wiped off, ^.e., the formation 
of a deposit of moisture between the paint and the metal is 
precluded. Apart from the essential freedom from rust, care 
is therefore necessary to see that all rebates, rivet heads, 
grooves, and rivets are thoroughly painted, since it is in these 
that water is most apt to collect and cause the rusting of the 
already painted iron. To prevent the grooves, rivets, etc., 
themselves from rusting, they should be painted over before 
being put into position, in order to ensure that no portion of 
the metallic surface liable to be rusted by moisture remains 
exposed. 

The conclusion to be drawn from these premises is that 
only perfectly dry iron, free from rust and all traces of ad- 
herent acid, should be painted, if it is desired that the first 
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coat shall possess that degree of adherence necessary to 
ensure the proper and durable union between the subsequent 
coats of paint and the metal. When the first coat does not 
adhere to the iron the following coats cannot do so, however 
well they may adhere to the primary one ; and consequently 
the entire layer will necessarily become loose. 

The nature of the surface of iron varies, that of sheet 
iron, and the rolled plate principally employed for bridges 
and other iron structures, being smooth, though frequently 
exhibiting a pitted appearance through defects in the outer 
skin produced by rolling. Cast iron is more or less rough, 
according to the method of casting and the grain of the sand 
used in making the moulds ; and a rough surface presenting 
a large number of points of contact affords better opportuni- 
ties for paint to adhere than a perfectly smooth one. The 
question then arises whether paint does really hold better to 
cast iron than to sheet or rolled iron ; and Mulder has also 
devoted attention to the query, Which kind of surface on 
iron is the best for painting — a polished and lustrous or a 
rough one ? According to this authority the question must 
be examined from different sides. 

“ Since the paint cannot penetrate the metal, a rough 
surface ensures adhesion. By * rough’ I imply unevenness, 
not uncleanliness. Such a rough surface consists of pro- 
jections and depressions, the latter of which are filled by the 
paint, the points of contact, and consequently the adhesion, 
being increased just in the same manner as wood is held 
more firmly by a screw than by a nail. More than a clean 
rough surface cannot be desired for iron that is to be painted 
and then exposed to wind and weather, and upon which not 
only chemical but also mechanical influence will be at work, 
A coat of paint on rough iron will bend and contract when 
exposed to alternations of heat and cold, in just the same 
manner as paint on a smooth surface. The desired state of 
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roughness is mostly met with in cast iron, and this form of 
the metal I consider excellently adapted for painting on. 
However, thick plates and bars of rolled iron are now used 
for large structures, and these goods instead of being rough 
have smooth surfaces. They are nevertheless covered with 
a superficial blue layer which scales off on bending, and can 
easily be removed by scraping. This layer, which I term 
simply ‘ sub-oxide,* is produced during hot rolling and is 
really a mixture of iron with ferro-ferric oxide. II; is useful 
in resisting the tendency to rust, but diminishes the adhesion 
of the paint. In the case of cast iron the sub-oxide is no 
longer pure but mixed with small particles of loam from the 
moulds, so that castings often exhibit a sandy appearance on 
the surface, and the question arises whether this also does 
not tend to decrease the adhesion of the paint. It is true 
that everything that can be removed from the surface of cast 
iron by scrubbing with wire brushes must be got rid of 
before painting; but whatever remains unloosened by this 
treatment has a greater degree of cohesion with the iron than 
any paint can possibly attain. The sub-oxide layer on rolled 
iron merits closer attention. Whether it should be removed 
or not before painting is a point on which opinions differ. I 
myself have eliminated this blue coating from the surface of 
iron by means of sulphuric acid, and found it a by no means 
easy task, requiring a good deal of labour and much acid. 
On washing the cleaned iron with a copious supply of water 
and drying it in the air, it will quickly acquire a thick coating 
of rust, whilst the untreated plates of the same iron remain 
perfectly free from rust. So far, therefore, the treatment 
with sulphuric acid is certainly disadvantageous, for the 
reasons already given. Finally the question of the advisa- 
bility of removing the sub-oxide on rolled iron resolves itself 
into the following query : * Does this protective layer become 
loosened after some time has elapsed ? ’ If this be the case 
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it must certainly be considered injurious, though one is not 
therefore necessanly compelled to resort to acid. As a matter 
of fact it does break away in the thicker parts when the iron 
is bent, and also comes off after a while even when bending^ 
has not been practised. Since, however, all that loosens can 
be removed beforehand by scraping and scrubbing with wire 
brushes, I am of opinion that the use of acid should be dis- 
carded because of its undoubted highly injurious action.** 

Bottomino or Q-roitnding the Iron. 

Having now elucidated the conditions under which the 
preliminary preparation of iron for painting should and 
ought to be carried out, we will now bestow our attention 
to the grounding or application of the first coat of paint on 
the metal. We are here confronted by the question : “ How, 
in view of the circumstance that the union of the paint and 
the substratum depends entirely on adhesion, is the operation 
to be performed?** 

Originally and for a long period red lead (minium) alone 
was employed for this purpose, and even now the use of this 
pigment is frequently enjoined. The experience gained in 
the course of time with the substance in question has been 
very differently judged by different observers, and it is im- 
possible to display the whole question clearly. The reason 
for this confusion is mainly due to the fact that the various 
observations on the durabihty of red lead grounding were not 
carried out with the necessary degree of accuracy, and that 
comparative experiments with this and other grounding 
paints are lackmg. The following are some of the opinions 
that have been expressed with regard to the matter under 
consideration : — 

Simon states that “red lead has been used for this 
purpose for many years, and has generally given satisfaction. 
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In gasworks, however, and wherever sulphur compounds, 
whether in the gaseous condition or in aqueous solution, 
occur, the employment of red lead, or of any other lead 
paint, is naturally precluded. Instances are also known 
where red lead paint has failed to answer, but they are 
somewhat rare, and the rusting or corrosion of the iron is, 
for the most part, attributable to other causes : defective 
preparation and cleansing of the surface, bad linseed varnish, 
etc. Opponents of red lead ascribe its alleged injurious 
action to electrical excitation, such as occurs in the union 
of lead with iron ; but it is not proved that such a galvanic 
current can be induced when, instead of metallic lead, only 
the peroxide of this metal comes into contact with iron. If 
an abundant formation of rust did really occur under these 
circumstances, many thousands of instances of such de- 
struction must have been recorded during the many years’ 
practical experience that has been gained on this subject, 
and, in such event, the last word would certainly have long 
since been spoken on the matter.” 

The corrosion of iron observed by Jouvin is attributable 
not to red lead but to mercury oxide and mercury sulphate. 
These compounds were employed as an admixture to paint 
for ships’ bottoms (anti-fouling composition) in order to pre- 
vent the development of the usual incrustations of mollusca, 
but their effect was to set up an electrochemical reaction, 
m consequence of which iron passed into solution and a 
crystalline deposit of lead was formed on the surface of the 
metal. The parts of the red lead paint that did not come 
into contact with sea-water remained perfectly intact. 

With reference to the corrosion of iron by red lead, in- 
stances occurring on the keels oi warships are mentioned 
by Jouvin in the following terms : — 

‘‘In the case of red lead paints, either simple or in ad- 
mixture with mercury oxide or mercury sulphate, the surface 
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of warships, below the water line, becomes almost entirely 
covered with pustules of hydrated iron oxide. The pustules 
are shaped like a hoil or tear, and occasionally blisters are 
formed resembling those developing in paint exposed to a 
hot sun. 

“On pricking these blisters they are found to contain either 
air (?) or a liquid, the latter having a sour and astringent 
taste (iron chloride), and the bare surface of the iron is 
covered over with lustrous crystals of lead, !Ejach blister 
has induced the formation of a lead tree, and is become 
a nest of crystallisation.” Jouvin finds the liquid contained 
m the blisters to consist of a very acid chloride of iron, and 
he attributes the reduction of the lead oxide by iron to 
electrical action. 

Simon originally formed the opinion that the mercury 
compounds present in many anti-corrosive paints set up an 
electrochemical reaction, but subsequently found the same 
development of blisters in paints containing pure red lead 
only. He placed a number of iron plates, coated with 
different binds of paint, in an accumulator case, where they 
were immersed in a weak solution of ammonium chloride 
(sal ammoniac). The plates were also connected, by 
means of wires forming a closed circuit, with a few large 
Leclanch6 cells. At the end of a few days there de- 
veloped on the plate painted with red lead a number of 
bhsters, which, at first small, continued to increase in size, 
some of them hanging like tear-drops ; in short, exhibiting 
precisely the same appearance as those observed by Jouvin 
on the keels of certam warships. The contents of these 
blisters also consisted of exceedingly acid iron (ferrous) 
chloride, and the surface of the iron was covered with 
beautiful lead crystals. This observation demonstrates that 
the corrosion of iron m this way is undoubtedly ascribable to 
electrical excitation. ' Hence the assumption that sundry 
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phenomena displayed in the case of paints on iron surfaces 
are due to electrical action would appear to be not altogether 
wide of the mark. The instance cited shows that on the 
one hand the pigment in the paint, and electricity on the 
other, effected the corrosion of the iron. It is nevertheless 
worthy of note that the red lead paint on the ships in question 
remained perfectly intact in the parts where it did not come 
anto contact with water. 

A, Landolt says : — 

“Bottoming coats of paint of red lead or other covering 
pigment certainly exhibit the advantage of forming a good, 
quick-dr3dng and hard layer, which adheres closely to the 
iron and also unites with the subsequent finishing coats. 
Their great covering power, however, is attended with a 
•certain considerable nsk, since defects and imperfections 
in the constructive material are only too easily concealed. 
Moreover, no information can be obtained as to whether 
the surface of the metal was really quite clean and free from 
rust before the first coat was laid on. The recommendation 
made by Professor von Tetmayr, that in future, in place of 
employing red lead or similar covering paints for bottoming, 
a perfectly transparent paint should be selected and used, is 
exceedingly appropriate and highly advisable. It should be 
possible — at least so experiments made on this point lead 
one to hope — to prepare a suitable painting material which 
will fulfil all the requirements of the case, viz,, quick drying, 
sufficiently tough and elastic, adhering well to the iron, able 
to absorb and unite with succeeding layers of paint, and 
exerting no injurious influence on the metal.” 

Two principal defects are alleged against red lead as a 
bottoming paint : (1) That, in consequonce of an insufficiency 
of oil or varnish, it rapidly dries up and becomes hard, the 
result being that the paint is quickly destroyed unless pro- 
tected from rust-forming influences by a second supenm- 
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posed coat of paint; (2) that it exerts an undue influence* 
both on the underlying metal and on the subsequent layers- 
of paint as well. 

It IS true that, of all the pigments hitherto known and’ 
used, red lead, owing to its weight, requires the smallest 
proportion of oil or varnish in order to form a distributable 
and efiScient covering paint. A matter less generally known,, 
however, even to those most interested, is that the protection? 
afforded by the paint is entirely dependent on the properties 
of the linseed oil or varnish, and not at all upon the pigment 
which, however, must be incapable of acting on the same,. 
i.e., it must be inert and unalterable. This question will be* 
more thoroughly discussed later ; all that need be said at the^ 
present juncture is that the foregoing should be regarded as 
forming the fundamental principle in all paints for iron. 
Hence, no protective or rust-preventing properties — rust- 
destroying does not come into consideration, being an im- 
possibility — can be ascribed to the pigments themselves. 

We know that red lead forms a pamt strongly adhering 
to and hardenmg on iron, which it preserves from rusting ,- 
we also know that the same paint is very durable when 
covered with subsequent coatings of good pamt. On the 
other hand, red lead paint by itself, by reason of its small 
proportion of oil, soon perishes under atmospheric influences,, 
and is therefore unsuitable for use as a finishing paint. 
There is another point of great importance in painting on 
iron, namely, it has been found by experience that although 
a paint rich in oil or varnish may be applied over a paint 
containing a high proportion of pigment to varnish, yet the* 
converse practice is not to be followed ; this is the reason 
why red lead is used as the primary and not the finishing 
coat. This experience primarily applied only to wood ; it has. 
been found also to hold good for iron. 

For the most part the first coating with red lead is. 
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applied to the iron before it leaves the constructor’s works^ 
this being frequently stipulated for in contracts. It has, 
however, been found that under this first coat, rust may be 
present, though concealed and only making itself evident 
at a later stage, when so extensively developed as to show 
through the paint. Consequently in order to enable these 
rusty places to be detected immediately, it has been proposed 
to replace such covering paints by a coating of some trans- 
parent material which would allow the rust to show through 
clearly. Before proceeding, however, to the consideration 
of this proposal, we will deal with the manner in which 
bottoming iron with a first coat of red lead paint is generally 
performed. 

In most cases, though not always, iron structures receive 
a first coat of iron oxide or red lead oil paint in the works 
when completed, i.e., when the individual girders, stays, etc., 
have been riveted and brought into the most suitable con- 
dition for delivery. Attention, however, is rarely taken as 
to whether the girders have been riveted out of doors — where 
they are exposed to the air and, more especially, to the de- 
position of moisture brought about by fluctuations of tem- 
perature — or under cover; and still less is any thought 
bestowed on the painting of the rivet holes, the stems of the 
rivets or the underside of the rivet heads. In many works 
the paint is laid on by day labourers who simply daub it 
on often without suitable brushes, the work being regarded 
as properly done if the metal is outwardly covered over 
with paint. The author readily admits that painting the 
rivet holes, and the rivets themselves, is a very tedious and 
costly task, and that very often there is insufficient space 
available for the rivets to dry after painting. Nevertheless*- 
he holds that when it is a question of properly painting iron- 
work so as to fulfil the requirement that all parts of the metal 
shall be thoroughly covered, and that the connections, in 
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particular, shall be so carefully painted as to prevent the 
incursion of water, then all considerations of reducing the 
cost of production to a minimum must be relegated to the 
background. 

It may readily happen in the case of iron structures that 
the saving of a few farthings per square yard in labour re- 
sults in inferior workmanship, causing the object of the 
work to be defeated. 

Taming now to the materials employed in the paint used 
in constructors' ‘workshops, here again cheapness of the paint, 
or of the constituent pigment, oil or varnish, is regarded as 
the main desideratum, the seller who makes the cheapest 
offer obtaining the order, without any regard to the fact that 
considerable differences usuaQy exist in the quality of the 
materials and that the quality depends upon the price ob- 
tained, not the price with the purity and suitability of the 
material. 

For bottoming ironwork, either red lead or iron oxide 
(colcother) is prescribed, according to the opinion held by 
those in authority ; which pigment is really the best for the 
purpose there are no reliable data available to show. Both 
vary considerably in quality, red lead being adulterated with 
heavy spar, brick dust, etc., whereby its value, covermg 
power, and durability are impaired ; whilst commercial iron 
oxide varies in its content of pure oxide from 70 to 98 per 
cent., its durabihty and value as a paint depending directly 
on the proportion of this constituent. Hence the causes ‘of 
defects in the paints may to some extent be sought in the 
quality of the pigment employed. Greater influence, how- 
ever, is exercised by the vehicle or medium — linseed varnish 
— and unfortunately we find too frequently varnishes adulter- 
ated with rosin oils and similar materials, which, on account 
of their cheapness, are displacing the pure oil varnish. 
Nevertheless, pure linseed oil varnish still remains unsur- 
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passed as a medium for pigments, not merely for use on 
iron, but for paints of all kinds. The pure varnish will last 
for a number of years, forming a solid elastic layer, im- 
pervious to wet ; whereas, if sophisticated with rosin oil or 
other substitutes, it becomes brittle and cracked within a 
short time after drying, allowing water to gain access to the 
underlying iron, and finally becoming pulverulent and easily 
rubbed off. 

The first thing to consider, therefore, in the painting of 
iron structures is the composition of the paint materials ; 
and the operation should not be performed merely with the 
idea of covering the object over with a coat of paint which 
serves to conceal any defective places, but carried out in 
such a manner as to ensure the attainment of the object in 
view. Can the paint, however, be considered as in any 
way satisfactory when the man entrusted with the work 
merely stirs up the dry colour with some linseed varnish, in 
the paint-pot, by means of a brush, ignoring the proportions 
of the mixture which he then daubs on the iron as “ paint ? 
No one who knows that fine grinding is an essential condition 
for the preparation of a good paint can possibly regard such 
perfunctory treatment as satisfactory. 

Consequently, the primary consideration in constructors' 
workshops ought to be to secure good materials for painting 
on iron ; and, secondly, that the painting should be done in 
such a manner as to really afford protection against rust, 
and not merely to comply with the letter of the customer's 
instructions, that the iron shall receive a coat of paint 
Naturally the operation will be rather more expensive, but 
the expense should be regarded as necessary in order that 
the tendency to rusting and its attendant danger to human 
hfe may be successfully combated. Some extremely inter- 
esting and noteworthy contributions on The Preservation of 
the Iron of Iron Structures have been made by Professor von 
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Tetma3rr, though the author does not agree with all the views 
expressed therein. 

“ In my opinion,*’ says von Tetmayr, “ this matter has 
not been kept sufficiently abreast with the progressive tech- 
nological development of the main subject, and reform seems 
to be necessary, especially since the introduction of forged 
iron for use in iron structures. A permanent supervision of 
the cleaning and working up of the iron is impracticable in 
the workshop, whilst, on the other hand, the employment 
of forged iron actually necessitates increased care in this 
respect. Bearing this m mind, contractors supplying such 
iron structures should be absolved from the necessity of 
painting the metal in the manner now customary, and in- 
stead be obhged to apply a coating of some transparent anti- 
corrosive composition previous to delivery. This ensures the 
advantage of the entire structure being accessible to inspec- 
tion, whereby the quality of the workmanship can be more 
easily supervised, and rusty of otherwise defective places be 
cleaned and made good before the coating or covering of 
paint is put on. These advantages are lost when the iron 
has been bottomed with rust-coloured oxides, since these 
conceal accidental shortcomings, patches covered over with 
putty, and defects in the material, the colour of the pigment 
impeding the detection of rust, even when the outer coats of 
paint have been laid on thin and are of the appreciated light 
grey tint. Nothing should be used for bottoming but a 
light-coloured, quick-drying varnish of sufficiently elastic 
toughness, with good powers of adhesion and containing 
driers, the varnish being, moreover, free from added bases 
and from constituents capable of attacking iron. That iron 
structures properly varnished in this manner will withstand 
external influences, at least as well as those bottomed with 
the usual covering paints, is shown by the new bridge over 
the Neckar at Heilbronn, which was not painted until after 
the lapse of a year. 
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“If the structuie has been well bottomed with a good 
•drying oil, and the coatmg patched after mounting, the 
second coat can be apphed. The paint employed for this 
purpose should be capable of being laid on thinly, endowed 
with good covering power and permanent adherent pro- 
perties, sufficiently tough and able to resist atmospheric in- 
fluences and the effects of variations of temperature to which 
it may be exposed on bridges crossing streets or railways, 
iron structures in busy cities and industrial centres, railway 
stations, etc , as well as to withstand the action of smoke 
fumes. The colour of this outer coat should be chosen with 
a view to facilitating the detection of rusty patches by con- 
trast. If bottomed further in the usual manner, any good 
■covering, readily distributable paint possessing the quali- 
ties of indifference towards iron, sufficient degree of tough- 
ness, durability and proper adhesive power, may be used, 
provided there is no question of exposure to smoke gases. 
On the other hand, if such gases come into action, the 
bottoming paint must, in addition, be endowed with a high 
capacity of resistance towards the influence of sulphur dioxide 
•or sulphuric acid, and, moreover, be in all cases able to at- 
"tract to itself, and permanently secure, the adhesion of the 
upper coat of paint. A sufficient degree of toughness or elas- 
iicity is necessary to enable the paint to follow, without in- 
jury to itself, the fluctuations in the length of the parts 
•owing to the expansion and stress produced by heat and cold, 
wind and traffic, to ensure durability. When full considera- 
iiion is bestowed on the difficulties in the way of thoroughly 
cleaning and properly repainting an iron structure already 
•erected and containing a number of more or less inaccessible 
parts ; when, in addition, the troublesome smoke, the in- 
fluence of weather, and, finally, the moral force oi the work- 
man, are borne in mind, it will be convincingly evident that, 
other conditions being equal, preference ought certainly to 
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be given to the paints exhibiting the greatest durability 
through the conjoint effect of their resistance to atmospheric 
agencies, their adhesive power and toughness.” 

The injurious effects of atmospheric influences and alter- 
nations of temperature are already known; they are ac- 
centuated by careless workmanship or working in damp- 
weather, and occasionally are induced through the defective 
adherence or by the brittleness of the dried paint — such paints 
cracking, curling up, and finally peeling of. 

In concluding our remarks on this subject it is only 
necessary to add that there is a certain degree of justification 
in recommending the substitution of a transparent coating 
for covering paint on iron structures, previous to official in- 
spection. In addition to red lead, iron oxide is used as a 
bottoming pigment for iron, and is unobjectionable. It 
requires a much larger proportion of oil or varnish than redi 
lead in order to form a distributable paint, and therefore 
belongs to the richer class of paints. 

Bottoming with Linseed Oil ob Linseed Vaenish. 

Tetmayr’s proposal to coat iron with a transparent layer 
of linseed oil or linseed varnish is not a novel one nor is it 
claimed as such. The method cannot be denied a certain 
amount of justification, if only for the reason that it allows 
rusty places to be readily detectable when delivery is taken 
of the ironwork. Many practical men, however, object to it 
on the ground that the coating does not dry hard, at least 
within a reasonable time ; and because they fear that such a 
coating, covered by a layer of paint, would violate the canons 
of experience to the effect that a paint rich in varnish should 
never be topped by one in which pigment predominates, as 
it would lead to a rapid destruction of the paint by cracking 
and peeling. 

Mulder, also, objects to the painting of iron with linseed 
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oil. He says: “ Wood exhibits a great advantage over iron, 
since, on painting, it absorbs the paint, whereas iron is in- 
capable of so doing. It is therefore advisable to apply a first 
coating of linseed oil to new wood, which is porous, the 
subsequent coat of paint coming into connection with the 
substratum ; whereas iron, like all other metals, is devoid of 
this advantage, no penetration of the linseed oil or paint 
taking place, the mutual adhesion between the dried coating 
of paint and the metal being the sole means of connection 
between them. Hence it follows that the first problem to 
be solved in the painting of iron is, necessarily, not which 
paint sticks best on another coat of paint, but which paint 
adheres most firmly to iron. 

This question tends at the same time to cast doubts on 
the utility of boiled linseed oil as a first coating for iron. 
Linseed oil penetrates into wood and is therefore useful m 
this case, but as this does not happen in the case of iron, the 
utility of linseed oil is less for the latter material than, fpr 
wood. Moreover, boiled linseed oil dries after a time but 
does not form a very hard varnish ; the employment of this 
oil as a first coating for iron is therefore inimical to the 
adhesion of the after coats of paint. Hence it follows that 
iron should be coated with a paint which adheres firmly to 
the metal and at the same time dries hard, all intermediate 
layers being avoided. By using a fairly thin paint for the 
first application the results yielded by linseed oil can be more 
or less attained. The linseed oil of the thinner paint will 
penetrate into the pores of the iron [Mulder here is self-con- 
tradictory] just as well as pure linseed oil, because thin paint 
— whereby the ordinary consistency of paints for first coatings 
is implied — contains an excess of that oil. 

“ Since boiled linseed oil dries to form a not very hard 
layer of varnish, it cannot be anything else but prejudicial 

to the adhesion of the subsequent paint on iron ; in such a 

6 
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case the paint is separated from the metal solely by a layer 
of linseed varnish, and, especially since the latter is, according 
to instructions, applied to the warm iron, it fails to promote 
adhesion. 

“ This meaning will become clear if we imagine what 
would take place if the iron were coated with copal varnish. 
It is true that the residual varnish left by the drying of the 
linseed oil is tougher, and in this respect better, than copal 
varnish ; still it is a varnish all the same. Nowit is essential 
that the iron should be coated with a very adhesive paint, 
which will afterwards dry hard and fast, and that all inter- 
mediate layers should be avoided and dispensed with ; con- 
sequently the use of linseed oil as a first coating for iron is to 
be discouraged. My own [Mulder*s] view is that the use of 
this varnish for iron was selected on account of its suitability 
for woodwork, without the respective conditions of the two 
cases being taken into account, since, far from being applicable 
for metal, it is, as already stated, injurious.” 

As previously remarked, no reliable results are available 
for reference, and no record of experiences in this matter has 
yet been made. Since, moreover, it is impossible to complete 
researches of this kind within a comparatively short time, the 
author has made a senes of experiments with iron plates 
coated over with boiled, good-drying linseed varnish and 
afterwards painted with red lead paints, the drying of the 
plates under the usual conditions being replaced by drying 
at 60° to 70° C. Notwithstanding that many of the plates 
received several coats of red lead paint, which very quickly 
dried hard, none of the samples showed injurious results of 
any kind, and no cracks or fissures could be discerned with the 
aid of a magnifying glass ; the author therefore believes him- 
self justified in concluding that the application of a covering 
of varmsh to won exerts no unfavourable influence on the 
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subsequent overlying coat of paint. It must, however, not be 
forgotten that a thin covering of varnish is not the same as 
a coat of oil paint, and that therefore on this account no un- 
favourable action is likely to occur. 

On the contrary, he holds that to cover iron with h7iseed 
oil va/rmsh highly advantageous when the application is 
made in a very thin layer. Such a layer will quickly set hard, 
whereas thicker strata remain tacky for a long time; the 
former is the more serviceable of the two, since the subse- 
quent coat of paint will adhere just as firmly, with little or no 
risk of cracking. 

In this matter of varnishing, the author would go beyond 
the proposals already made in other quarters, and recommend 
the production of an extremely thin layer of varnish on iron 
by laying it on hot, since in this condition the varnish exhibits 
greater fluidity and is well known to be an excellent means 
of preserving iron, drying much quicker and forming a much 
thinner covering than if applied cold. Moreover, greater care 
is required in laying-on cold varnish, on account of the in- 
creased tendency to form layers of irregular thickness ; it may 
easily happen that the varnish on the vertical surfaces of a 
structure is dry long before that on the horizontal parts has 
ceased to be tacky, or still remains quite wet. It is well 
known that if linseed varnish be applied to a smooth hori- 
zontal surface as thinly as possible, and the article then 
turned on edge so as to bring that surface into the vertical 
position, a large part of the varnish will run off and be wasted. 
This reason alone is sufficient to render the use of a minimum 
quantity of varnish advisable; for the attainment of this 
object, it should be applied by rubbing the surface over with 
a rag dipped in the liquid. Even this slight coating will be 
sufficient to protect iron from rusting until such time as it is 
painted. It should also be applied to all bolts and rivets, as 
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well as to the larger parts of the structure, and it forms a 
very cheap method of protecting the smaller articles. 

Thus, if a large number of bolts and rivets are placed in 
a sieve and then dipped into hot linseed varnish, left to drain, 
and afterwards dried in a room warmed to 60° to 70® 0., the 
coating will be thoroughly dry in -J- to 1 hour, and, what is 
more important, it dries hard. Any further coat of paint will 
adhere well, thus precluding all danger of evil consequences 
arising during protracted drying. 

In going beyond the recommendations made by others 
the author would also advise the employment of a tempera- 
ture of 60° to 60° C. in drying the coating of hot varnish already 
proposed. He is of opinion that there can be no great dif- 
ficulties in the way of arranging a hot-air chamber into which 
the varnished articles could be carried on trucks or rollers, 
and removed in the same manner on the expiration of the 
short time requisite for the drying process. By this means 
the objects aimed at in bottoming iron would be attained, 
the production of an elastic and thin, hut nevertheless 
hard and resistant, colourless coaling, which faGilitates the 
detection of any rusty patches present, and to which any sub- 
sequent coahng of paint will firmly and securely adhere, 

Finishing Coats of Paint on Iron. 

The principal part in the painting of iron is the apphca- 
tion of the first coat, since, unlike wood, there is no absorption 
of paint into the pores of the substructure, the adhesion of 
the subsequent coats is necessarily restricted to the surface 
of the paint or varnish already in position; consequently 
everything depends on the latter. 

When iron-, or lead-oxide paint, or linseed varnish alone 
is employed, an opportunity is afforded of making good any 
defects, in the application of the second coat of paint. These 
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defects are most likely to occur on the parts most difficult of 
access, and where consequently the carelessness of the work- 
men has a wider scope. Among such places may be men- 
tioned, for example, the under and inner sides of girders, 
bolt heads and nuts, rivets, etc., just precisely where extreme 
care in painting is necessary to prevent the subsequent incur- 
sion of water. A proper check over the workmanship can be 
secured by choosing paints of different gradations of tone for 
the several coatings, a step which will enable defective places 
to be detected. 

All coats of paint require a certain time to dry, the exact 
period ranging from six to thirty-six and even forty-eight 
hours. This does not, however, mean that the paint is hard 
by that time, although it is dry, no longer tacky when 
touched, it may still yield to the pressure of the finger, and 
if the hand be placed on the painted surface for some time 
an impress will be left behind on withdrawal, owing to 
the softening of the paint by the warmth and pressure. 
After a longer or shorter period of time has elapsed, however, 
this condition disappears, the paint having become hard. 
The hardening is effected partly through the absorption of 
atmospheric oxygen, by which the drying oil is converted 
into a hard, brittle substance, and partly also in some cases 
on account of the action of the pigment on this dried layer 
of linseed oil or varnish. Pigments of this kind include all 
the lead colours, red lead, white lead, etc., which combine 
with the oil varnish quickly forming a hard mass, the degree 
of hardness being the greater on account of the preponder- 
ance of pigment over oil in the paint. 

On the other hand, some pigments, such as iron oxide, 
graphite, zinc white, and many others, require much larger 
proportions of oil or varnish in order to form a distributable 
paint, and these pigments have no influence on the harden- 
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iDg of the paint, since they do not enter into combination 
with the vehicle or medium. The presence of this larger 
percentage of linseed oil, or linseed varnish, in such paints 
renders them much more suitable as finishing coats, since the 
medium is retained in a soft elastic condition for a longer 
time, and is better able to conform, without injury, to the ex- 
pansion and contraction set up in iron structures by changes 
of temperature. 

The following opinions of experts on the suitability of 
different pigments for painting on iron may be cited. 

With regard to white lead, Dr. A. Landolt says : — 

“ White lead, used alone and in a pure state, is not a good 
paint for ironwork. Apart from the fact that the pure white 
of the pigment will speedily become impaired and dirty, the 
paint also sets very hard m a short time, the elasticity dis- 
appears, and cracks are formed. Dor this reason white lead 
IS mixed with other substances, in the first place to impart 
colour to the paint, and furthermore for the purpose of in- 
creasing its power of absorbing oil, this latter, or linseed 
varnish, being the principal agent determining the durability 
of the coating. 

“ The more oil required by a pigment in order to produce 
a distributable paint, the better will it be adapted for use on 
iron, especially in the open air, provided it satisfies the other 
conditions, of covering power, neutrality, and capacity of re- 
sistance to acids. 

“Dor the same reasons,” says Landolt, *'that operate in 
the case of white lead, red lead paint is unsuitable as a finish- 
ing coat, particularly where the final or tone coating has to 
be laid on at once or after a relatively short time. 

“Bed lead paint soon becomes very hard, and cracks 
under the influence of the air. An old and well-proved rule 
teaches that bottoming paints in all cases, and especially on 
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iron, must be hard and low in varnish, in order that the 
following coat of paint, richer in varnish, may be durable. 
Red lead forms a paint poor in oil, quickly setting hard, and 
endowed with great adhesive power, on which the subsequent 
coat of paint will adhere strongly.” ' " 

Mulder (the author of the work on drying oils already 
referred to) expresses himself on the use of iron oxide as 
follows : — 

** Iron oxide, when mixed vsdth oil, is a perfectly neutral 
body, without the least influence on the drying of the oil, 
whether the latter be raw or boiled, even when the mixture 
of oil and oxide is heated to 100° C. for two consecutive hours. 
Consequently, in this respect iron oxide is of very little value 
as a pigment. [This is incorrect ; it is only as a drier that 
the oxide is of no use.] The same also applies to zinc white. 
On the other hand, white lead and red lead greatly assist the 
oxidation of linseed oil, the last named in particular acting 
both by the lead oxide it contains and by an actual surrender 
of oxygen. 

‘‘Practice confirms this [and also that Mulder started 
with the erroneous assumption that the pigment, to be good, 
must necessarily exert a drying action]. When boiled oil, 
whether alone or mixed up as paint along with some neutral 
substance hke iron oxide, zinc oxide, etc., is left or kept in 
an open vessel, a skin forms on the surface. With white 
lead or litharge this skin forms sooner and attains a greater 
thickness ; red lead paint sets to a thick mass in the vessel ; 
and, whilst putty made solely from chalk does not become 
hard even after several months, it very soon hardens if white 
lead be present, and white lead putty quickly sets as hard as 
stone, even when kept under water.” 

^With regard to iron oxide Landolt states that this sub- 
stance “ uniting v^ith a much larger proportion of linseed 
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varniBh should, when used as a bottoming paint, receive an 
addition of oil of tiu*pentine ; i.e., the first coat should be low 
in varnish, the final coat richer. The poor results obtained 



Fig. 87 (natural ai^so). 



Fio. 38 (magnlflcid). — Fiuo (hair) uraokH in a bon-yoar-old whito load paint, 

with iron oxide paiiita may, when bad uiaterials are UBod, Ijo 
very often due to the non-ol)Bervaiico of this rula" 

Further referenceH to the utility of a largo proportion of 
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^oil or vaxnish in paint will be made in the following section 
on “ anti-corrosive paints 

Every oil paint, no matter whether the contained pig- 
Tuent absorbs much or little oil or varnish, in time comes to 
•destruction. The actual period, however, at which this occurs 
varies, depending on the amount and quality of the varnish 
used. All paints perish at some time or other, either as a 
result of cracking, or in consequence of progressive oxidation, 



Pig. 89 (natural size).— Blisters, formed by warmth, m a red lead paint poor 
m varnish, topping a richer bottom coat. The blisters have burst, col- 
lapsed, and left the metal bare. 

leaving the paint finally in the condition of a powder loosely 
adherent to the substructure. The cracks are at least quite 
•as prejudicial to the preservation of the iron as the coherent 
but permeable coat of paint, since they admit moisture to 
the metal and engender rust, whilst the more or less absor- 
bent paint also takes up and retains water, and may there- 
fore also give rise to its formation. Hence, in order to 
•ensure the preservation of the iron, the formation of cracks 
must, as far as possible, be obviated by the selection of paint 
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of a suitable character. When, however, cracks have once 
commenced to form, a fresh coat of pamt must be laid on 
at once, and this also applies to cases where the paint has 
perished, a condition easily recognised by the dull earthy 
appearance of the coat and the ease with which it can be 
removed. In this respect no difference exists between the 
two, except that a layer of weathered paint is capable of 
taking up a good deal of oil or varnish, and the formation of 



Big do (magnifled). — Blisters, formed by warmth, in a red lead paint poor in> 
vamiah, covering a bottom coat rich in oil. 

cracks is entirely precluded, whereas in the other case this i& 
always liable to recur. 

The time taken by oil paints in drying has already been 
stated as from six to thirty-six, and even forty-eight hours,, 
depending on the drying properties of the oil or varnish, the* 
influence exerted by the pigment, and, last, but by no means* 
least, the external conditions of temperature and weather. 
It may also readily happen that the same paint may dry at 
one time in six hours, but require at another time twelve 
hours and even longer This valuation is brought about by 
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the warmth and moisture content of the external air, paint 
that normally dries in twelve hours drying in six hours under 
a hot sun and in a good draught, whilst in foggy weather 
it will still be wet at the end of twenty-four hours. This fact, 
and also the drying influence of the pigments, has been de- 
monstrated by innumerable experiments. Thus white lead 
and red lead, ground up with linseed varnish which by itself 
dries in six hours, cause it to dry quicker, e.g , in five hours ; 



Fig. 41 (natural size). — Or&oks in an oil paint, with another, intermediato- 

layer. 

whilst on the other hand the incorporation of ochre or iron 
oxide in the same varnish will produce a paint taking twenty- 
four hours to dry ; there are also other pigments, lampblack for 
example, which will prevent this otherwise fairly quick varnish 
from drying at all when used as paint The pigment, as well 
as the conditions of temperature and moisture, must therefore 
be taken into account in testing the drying capacity of a 
paint. 

With regard to the behaviour of a pigment, its capacity 
for absorbing linseed oil or linseed varnish, and its influence 
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on. the drying and hardening of the paint, the most suitable 
paint for the preservation of iron structures will be the one 
that contains a ^pigment requiring a large admixture of lin- 
seed oil or linseed beamish in order to render it distributable^ 
and which exerts no influence^ favourable or the reverse, on 
the drying and hardemng of same. 

In applying paint to either wood or iron the following 
rule holds good : — 



Pio. 42 (magDified).»OraokBin an oil paint, wibh another, intermediate layer. 

Each previous coat of paint must be perfectly dry before 
the following coat is laid on. If a fresh coat be applied on 
one that is not yet quite dry, risk is incurred of the paint 
being drawn, under the influence of heat (the sun), whereby 
blisters are produced. These may vary in depth, and should 
they extend to the first coating may leave the surface of the 
metal exposed, so that when the paint cracks, under me- 
chanical influences or on further drying, the unrestricted 
admission of moisture to the iron ensues. Hence rust in- 
evitably follows, which, as it progressively increases, lifts the 
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paint from the iron in many places, and finally canees it to 
fall of. The manner in which this blistering m paint is af- 
fected, by the action of underlying rust, can be seen from 
!Pig. 17, where a simple coat of varnish was laid on a rusted 
sheet-iron surface. The varnish sank into the comparativelv 
thin layer of rust, which it lifted up so that the surface be- 
came covered with a large number of small bubbles, which 
could be loosened by touching them and then left the 



Fig. 48 (natural size). — Efleot of water on wet paint, with immediate for- 
mation of rust. 

rusty surface of the metal exposed. It is asserted by some 
that the practice of bottoming iron with linseed oil or linseed 
varnish, contributes to the formation of bbsters, but this the 
author would deny, since he has been unable to detect any 
such blistering ; and he believes rather that it only occurs 
when the sun has acted directly and continuously upon the 
paint for a fairly long time. 

The presence of mtermediate layers of other paints is 
highly inimical to oil paint on iron. It seems very improb- 
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able that any one would apply a coating of size paint over 
oil paint ; nevertheless, such a thing is possible^ and, owing 
to the modem tendency to effect economies by the use of 
cheap materials, it might possibly occur. 

Figs. 41 and 42 illustrate the condition induced in a coat 
of oil paint when a bottom coat of red lead paint has been 
covered with a layer of size paint, and this again topped by 
a coat of red lead paint. It may be stated in this connection 



PiGr. 44 (magnified). — BSeot of water on wet paint, with immediate formation 

of rust. 

that from considerations of economy wood is frequently 
painted over with a coating of size paint before the oil colour 
is laid on. 

Just as in the case of a first coat on iron, the subsequent 
layers of paint Tnust he laid on only when the surface is per- 
fectly free from water and moistwre^ and must he equally pro^- 
tected from water and rain. The effect of a layer of water 
upon a perfectly fresh coat of paint can be seen in Figs. 43 
and 44. Here the fresh surface of the paint was suffused 
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"With water, whereupon a portion of the paint collected on 
the surface of the water and ran off, whilst the rest remained 
on the iron, hut no longer as a coherent stratum, part of the 
iron surface being laid bare. Partial contraction of the paint 
:alBO set in 

The action of fine rain-drops is illustrated in Figs. 46 and 
46. The paint was not quite wet, but still far from com- 



Fig. 46 (natural size). — Efieot of fine spray on a layer of oil paint. 

pletely dry, when the drops impinged upon it; and their 
impact partly dispersed the oil colour, thus giving rise to 
^ whole aeries of depressions, which in the case of horizontal 
■surfaces would afford a more or less permanent lodgment for 
the water, and facilitate its penetration into the layer of paint. 

Applyino Paint. 

In the case of iron, as in painting on other surfaces, it is 
also necessary to lay the paint on as thinly as possible con- 
sistent %oith covering the object, and on no account should the 
coating be so thick as to form a ivrinkled instead of a smooth 
-surface on drying. If the paint be laid on too thickly it will 
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spread evenly, in accordance vrith its natural tendency, but 
does not dry in a normal manner. The upper layer skins, 
over before the underneath parts have begun to dry, and when, 
drying ensues throughout, the skin contracts forming wrinkles, 
and folds, which spoil the smoothness of the surface and at, 
the same time present an opportunity for the retention of 
rain water and condensed moisture. In the end these 
wrinkles and folds easily split, thus enabling the water to 



Fia. 46 (magnified). — Effect of fine spray (ram) on a wet coat of paint. 

gain admission to the inferior strata of the paint, whereby 
the durability of the coating is imperilled. 

The number of coats of paint required to protect the- 
substratum depends on the covering power of the paint. 
This power implies the quantity of paint necessary, per given 
unit of surface, to completely mask the colour and superficial 
characteristics (not form) of the upderlying material. 

Now the vanous pigments differ considerably in covering 
power ; but the matter must be regarded from two stand- 
points, it being preferable to speak of absolute and relative 
covering power. To take one example, white lead possesses. 


tJlUN-ClomtOSTON AND ANTI-COlillOKIVI'i DAINTH. 5)7 

a f(roat(?r (thsohitr covering pciwcr than zinc white, but tlu' 
relative, covering ])Owcr of the latter cxcoods that of tlie 
former; that is to way, whore weight is loft out of the 



47 (nabuml Hi/,o). 



Km. 4h (magniltiu1),~Wrin)(liiH fm'mod cm iiu ovui'-iliiolc ctoat ol paiut. 


ijneHtion, whito lead coviirK hotter than zinc whito. Howovor, 
whon the matter is apiiroachod from tho jioint of view of 
tho vH'iitjht of white lead rotjuirod to cover a given mirfaco, 

then it is found that the conditions are roversod, a given 

7 
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superficial area requires a relatively greater weight of white 
lead but a greater relative volume of zinc white to become 
thoroughly covered. The covering power does not stand in a 
fixed ratio to the consumption of oil or varnish by the pig- 
ment : although good covering power is usually accompanied 
by a high capacity for absorbing oil or varnish. 

Number oe Coats or Oil Paint. 

The question of how many coats of oil paint 7nust he ap- 
plied to iron in order to ensure efficierit protection against 
rusting^ and to prevent the passage of water or moisture 
through the paint itself, has really no connection with the 
covering power of the latter. For the mere covering of the 
substratum, two coats, in addition to the bottoming coat, 
will suffice in most cases; even one will in some cases be 
enough when the paint covers particularly well, though in 
such event the desired protection will not be secured. If it be 
desired to establish a standard number of coats of paint for 
this purpose, preference must undoubtedly be accorded to 
the paints requiring a large proportion of varnish to become 
properly workable, since it is really the varnish that has 
mainly to be considered, the pigment being taken into accouni 
only because too many coats would be needed if the vamisli 
were used alone, and because, moreover, it is desired to give 
the object a different colour to that which it possosses 
naturally. It may be laid down as a normal standard that 
with a good paint one bottoming coat and three subsoquont 
coatings, laid on at suitable intervals, will be required to pro- 
duce a layer of oil paint of sufficient thickness on iron to keep 
moisture away from the metal and to protect the latter from 
rust for a reasonable time. There is no damage to fear from 
a larger number of coats, provided a sufficient interval bo 
allowed to elapse after each coat before ai^plying the next, 
since the individual layers will coalesce properly, and the 
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greater the total thickness the greater the degree of imper- 
meability secured. That a different effect will result from 
laying the paint on too thickly has been already emphasised. 
The greater the number of strata of paint the longer will it 
take before the whole is destroyed and water can gain an 
entrance, therefore the longer will the iron remain free from 
rust. Formerly, in order to prolong the impermeability of 
the paint and the preservation of the coating, a practice was 
adopted which is now probably, owing to the expense, dis- 
carded, viz,, coating the incipiently decaying paint with a 
layer of linseed varnish. As we have already seen, the paint 
in course of time loses its lustre, the resinified linseed varnish 
oontinuously undergoing further changes, and the paint be- 
ooming absorbent towards liquids. If now a coat of linseed 
varnish be applied to the paint it is greedily absorbed by 
the latter, the interstitial spaces are ffUed up, the paint is 
impregnated with varnish and is able to resist further 
influence of the air for an additional period. Nowadays it 
is the custom to wait until the paint has become permeable 
and rust formation has begun, a fresh coat of paint being then 
applied, at far greater expense I 

Another feature essential to the production of a good paint 
for preserving iron from rust is that the paint should be finely 
ground. When this is effected every minute particle of pig- 
ment will be thoroughly impregnated with oil or varnish, the 
whole forming a perfectly homogeneous mass in which no 
granules or the like will be found. If, however, the pigment, 
though in ever so fine a state of division, be merely stirred 
into the vehicle, without grinding, it will remain granular or 
gritty, and the granules will be apparent to the naked eye 
when the paint has been laid on ; these irregularly impreg- 
nated particles of pigment being able to absorb moisture and 
facilitate its admission to the surface of the metal. 

Paints that have either been insufficiently ground or not 
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ground at all — a condition often occurring with red lead paints 
for bottoming — are apt to curdle or separate into the con- 
stituent pigment and vehicle, the result being an uneven 
surface. Sinnlar irregularities of surface are, however, notice- 
able in the case of many well-ground paints, particularly those 
containing specular-iron or micaceous-iron pigments. It is^ 
however, desirable to secure as smooth a surface as possible, 
not only for the sake of the improved appearance but also 
since it affords fewer points of attack for atmospheric influ- 
ences. 

The circumstances to be considered in painting on iron 
have now been elucidated, and a number of conditions stated 
on which the durability of the paint depends. It has also 
been mentioned that every paint undergoes continuous altera- 
tion through oxidation, i.e., by the absorption of atmospheric 
oxygen ; and that under certain circumstances the pigment 
may contribute to accelerate this oxidation. That drying is 
purely a process of oxidation was demonstrated by Mulder, 
in his admirable work, he having determined the increase in 
weight by direct experiment. This has also been verifiod 
later by Spennrath, in a series of investigations wherein 
thin sheets of tin plate, 4 ms. x 8 ins. in size and of known 
weight, were coated with pure boiled linseed oil, whilst others 
were painted over with mixtures of linseed oil and various pig- 
ments. The whole senes of plates were weighed on a deli- 
cate balance immediately after painting, and again when the 
coatings were properly dry; the increase in weight during 
drying averaging 13 to 14 per cent, of the weight of oil present. 
To determine the latter factor with precision the oil and pig- 
ment were accurately weighed before mixing; and, as the 
paint was laid on immediately after this latter operation had 
been performed, it is presumable that the ratio of pigment to 
vomish in the paint used was the same as that taken — an as- 
sumption confirmed by the slight divergences (less than 1 per 
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cent.) in the increases in weight observed. The author does 
not, however, unconditionally agree with Spennrath's further 
assertion that the gain in weight of the oil in a paint is a 
constant factor, and that this is a proof that the oil -alone 
alters in drying, the deduction being that no chemical com- 
bination occurs between the oil and the pigment. In the 
case of lead paints, for instance, the pigment undoubtedly 
exerts an influence on the oil, otherwise the paint would not 
harden so rapidly as it does, for instance a red lead putty will 
set “ stone hard in a few days. Were no action on the oil 
to take place, the putty would necessarily remain as soft and 
plastic as that prepared from oil and graphite. Inert pigments, 
of course, have no influence on the oil. 

In the course of his experiments upon rust preven- 
tion, Spennrath also turned his attention to whether some 
oil paints may be capable of exerting an injurious influence 
on iron; he came to the conclusion that in no case can 
an unfavourable effect be produced, for the simple reason 
that in all carefully manufactured paints the flue particles of 
the pigmentary substance are so well enveloped with varnish 
or oil as to prevent their coming into direct contact with the 
metal. This fact wall scarcely be impugned, and so long as 
the oil or varnish is not completely decomposed, but still re- 
mains coherent, there cannot be any question of such action. 

Other 'researches of Spennrath’s related to the effect of 
different materials on the oil, and for this purpose he selected 
graphite as the pigment employed, in view of its perfect 
neutrality. In this connection he reports as follows : “It is 
not primcl fcbcio justifiable to assume, when rust begins to 
show itself on a painted iron surface, that the paint has 
suffered damage or destruction through the rust-forming 
agent. However carefully a paint may have been manu- 
factured, one is never absolutely certain that the protect- 
ing coat is entirely free from microscopic holes, through 
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which the rust-forming agency gains access to the iron. As 
soon, however, as the smallest particle of rust has formed, 
the destruction of the coat of paint proceeds rapidly, simply 
because the rust spreads under the covering and causes it to 
separate from the metal. Moreover, there are certain in- 
jurious influences which attack the paint without, however, 
giving rise to rust. These may easily lead one to form erro- 
neous conclusions if the occurrence or absence of rust should 
be regarded as the sole indication of the durability of the 
paint. It is altogether incorrect to consider the most active 
rust-forming influences as being always the most destructive 
to ‘paint. Eor example, the resisting power of paint is often 
tested by immersing the painted iron object in a solution of 
common salt (bnne) ; whereas in reality the test affords na 
criterion of this property, since, although brine rapidly pro- 
duces rust, it is almost entirely devoid of influence on oil 
paint. On the other hand, if the painted iron does not rust, 
under this test, all that is proved is that the paint is imper- 
meable ; if, however, the iron were exposed to other influ- 
ences capable of corroding the paint, it would soon rust, on 
account of the metal being exposed.’* 

Spennrath prepared a number of paint films by applying 
to sheet zinc a coating of boiled linseed oil mixed with 
graphite, and then dissolving away the metal by means of 
dilute sulphuric acid, which loft the films of paint behind 
uninjured. These he stored for a certain number of months 
in (1) rain water, (2) sea water, (3) brine, (4) 10 per cent, 
sal ammoniac (ammonium chlonde) solution, (6) 10 per cent, 
magnesium chloride solution, (6) 6 per cent, sulphuric acid, 
(7) 6 per cent, hydrochloric acid, (8) 5 per cent, nitric acid, 
(9) over acetic acid, (10) natural sea water in a closed chamber, 
(11) over dry calcium chloride, (12) aqueous extract of coal 
ashes, etc. The conclusions at which he arrived, from the 
changes induced in the films, are given below : — 
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“1. All oil paints are destroyed by dilute hydrochloric 
acid and nitric acid, gaseous hydrochloric acid, nitric acid, 
sulphurous acid (sulphur dioxide), and acetic acid. Dilute 
sulphuric acid does not corrode these paints. 

'' 2. Caustic alkalis, alkaline liquids and gases, ammonia, 
ammonium sulphide, and soda solution quickly destroy any 
oil paint. 

*'3. Pure water exerts a more powerful rusting action 
than the generally dreaded solutions of common salt, sal am- 
moniac and magnesium chloride, and is even more active 
than natural sea water. The salt-content reduces the influ- 
ence of the water, and the destructive effects observed in the 
case of sea water must be attributed to the mechanical action 
of the moving water on the coat of paint. 

“ 4. Hot water is more speedily destructive than water at 
the ordinary temperature, and therefore destroys paint in a 
short time." 

Prom the foregoing observations it results that none of 
the paints having a drying oil as a basis is capable of with- 
standing the continuous and prolonged action of acids, 
alkaline liquids, or even of water ; and of course the same 
applies to the action of the fumes of coal smoke. Hence in 
this direction the question of rust prevention still remains 
far from being solved. This is a well-known fact, and no 
reliance is to be placed on the assurances of manufacturers 
that they can supply paint preparations capable of resisting 
all kinds of influences over a long period. 

Spennrath made further experiments, investigating the 
influence of heat on the layer of paint, with the following 
result : — 

“ If a film of paint be exposed to a temperature of about 
100° 0., it undergoes considerable alteration in a short time, 
losing its elasticity and suppleness, becoming hard and brittle, 
breaking when folded over, besides losing in weight and 
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shrinking very considerably. These alterations also occur, 
though more slowly, at lower temperatures — still above the 



Fig. 49 (natural size). 



Fig. 60 (magnified). — Blisters and craolcs caused by boating a layor of oil 

paint. 

ordinary limit, while at 120° 0. the film very soon becomes 
brittle like glass.” 

The conclusion drawn from these results is that' “All 
paints suffer loss in weight by heat, and contract, thereby los- 
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ing their soft caoutchouc-like nature, and becoming stiff and 
brittle. So long as the film of paint remains attached to its 
substratum (iron) it cannot shrink, and a certain tension is 
therefore set up between the paint and the iron. The degree 
of tension increases with the increase of temperature and 
■duration of exposure — especially in direct sunlight — and as 
the coating becomes at the same time more and more brittle 
it must finally tear, the result being the production of 
so-called air-cracks. These can be seen on all old paint, es- 
pecially in paints on iron, intersecting the entire surface 
(like a network, the exposed underlying metal being thereby 
delivered an easy prey to the action of rain 

This conclusion is just as incorrect as is the approxima- 
tion to natural wear in the experiment. A great difference 
oxists between exposing to warmth a paint separated from its 
substratum, and subjecting it to the same conditions whilst 
still in sit'd ; at least so the author has found, since he has 
been unable to confirm the alleged contraction and cracking 
of oil paint on iron through exposure, lasting several weeks, 
■to a temperature up to 80° C. There is, moreover, an im- 
portant difference between exposing point to the ordinary 
maximum summer temperature and to a temperature of 100° 
C., to say nothing of the great difference in the influence of 
Hhis last-named temperature on one side of a coat of paint as 
•compared with its effect when exerted on both sides at once. 
All the deduction that can he drawn from these researches of 
Spennrath’s is that the same effects are produced upon the 
paint by raising it to a temperature of 100° G. as are caused 
by an exposure to normal conditions over a long term of 
years, since in the latter case, also, the paint is brittle, hard, 
and cracked, or may he rubbed off in the state of powder. It 
accomplishes here in a short time the results otherwise taking 
years to produce — and no paint will last for ever. 

There can bo no doubt that in addition to the influences 
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already specified as capable of causing the premature de- 
struction of paint, an electric current may also give rise to^ 
mechanical ruptures of the coating, caused by electrical dis- 
charges or shocks brought about in overcoming the resistance* 
experienced by strong induction currents passing through 
iron structures ; and finally, under certain circumstances, by 
galvanic action. Such ruptures consisting of fine cracks, or 
a loosemng and perforation of the paint, being aided by the- 
electrolytic decomposition of water, may result in a more 
rapid formation of rust than usual. 

Baking Paint on Steel Gars . — After a large number of 
tests on small steel plates the Pennsylvania Eailroad Oo. in 
1912 decided to build an oven large enough to bake the paint, 
on a full-sized car ; this was completed in January, 1913, and 
has been in continuous operation since then. The oven is 16 ft. 
high, 13 ft. wide, and 93 ft. 3 ins. long. It is lined with | in. 
steel shell and is covered with lagging 3 ins. thick, the lagging 
being held in position by an outer shell of galvanised iron. 
It is heated by steam coils, and is provided with a regulator for 
insuring an even temperature anywhere up to 276° P. The- 
oven is provided with ventilators for admission of fresh air 
and for removal of the vapours which are evolved during the 
drying of the paint. The car is first covered with a priming 
coat inside and out which is baked on at 260° F. ; it is then 
treated with putty where indentations occur and several 
covering coats are put on each of which is baked. The 
surface is then rubbed with emery cloth and oil to ensure a 
uniform surface and painted with two finishing coats of the- 
desired colour. Lettering or decorations are then applied,, 
after which a coat of varnish is put on to finish the operation. 
The use of such an oven results in much quicker work, the 
car not remaining in the shop so long as is the case when 
each coat of paint has to be dried at ordinary temperature ; 
the work is much better done and the finish superior. The 



lEON-COEBOSION AND ANTI-COEEOSIVB PAINTS. 107 


results have been so far successful during the three years’ 
running of this oven that tv?o others are being built, and 
when these are finished it is probable that further extensions 
will be made. 

Paintmg Galvanised Iron and Tinplate , — In Circular No. 
37 of the Educational Bureau of the Paint Manufacturers’ 
Association, U.S.A., it is stated that the coating of zinc upon 
galvanised iron is not a permanent protection, the prevention 
of rusting being obtained at the expense of the zinc which 
gradually dissolves away. Eor this reason galvanised iron 
should be painted ; but paint applied direct to galvanised 
iron does not adhere well, therefore it is advised to treat the 
metal first with a solution of sulphate, chloride, or acetate 
of copper containing 4 oz. of the salt to 1 gallon of water 
This results in the deposition of a uniform coating of coppei 
on the zinc which when dry exhibits a matt surface tc 
which paints adhere very strongly. As protective paints, red 
white, and blue leads, zinc oxide, chromate pigments, and 
red and black oxides of iron are regarded as satisfactory 
With regard to tinplate which often rusts owing to tht 
presence of pin holes and the cut edges, it is recommended tc 
remove any palm oil left from the tinning process by means 
of benzine or turpentine and then coat with red oxid( 
paint containing 10 per cent, of red lead, zinc oxide, or zinc 
chromate. 

The Use of Tab foe Paintino on Ieon. 

Although paints containing linseed oil or its derivative 
linseed varnish, have proved themselves the best of all pro 
tective media against rusting, it must be admitted that fo 
many purposes oil paints cannot be employed, their cost beini 
high and out of proportion to their durability. Among sue) 
purposes are : paintmg on iron pipes to be laid underground 
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on sheet-iron flues, on which oil paint would be carbonised ; 
on ordinary cast-iron articles, etc. 

Nevertheless, it is undesirable to leave these objects un- 
painted, and hence use is made of coal tar, or, better still, a 
solution of coal-tar pitch m benzine or petroleum. 

The coal tar used for this purpose must be piu’ifiod from 
all constituents of an acid nature ; otherwise instead of the 
desired protection from rust, iron will, on the contrary, be 
even more readily rusted, since weak acids act on the metal 
and increase its tendency to oxidation. For this reason it 
is preferable to employ coal-tar pitch, the solid, neutral, 
resinous residue from the distillation of tar, converting it 
into paint by solution in benzine or petroleum ; in this case 
one is certain that the paint has no acid reaction. If the 
tar or dissolved pitch be carefully applied whilst hot, it forms 
an excellent and cheap protection against rusting, and at the 
same time imparts a deep black and fairly lustrous colour to 
the iron. 

In respect to tar paints Spennrath expresses himself as 
follows : — 

“ Tar paints were at one time largely used for the pre- 
vention of rust, but their employment has of late fallen into 
disrepute, the alleged protective action having been shown to 
be of very doubtful efficacy. It is true that a coating of tar 
is altogether insusceptible to the chemical influence of the 
atmosphere and also to acids and alkalis ; but, at the same 
time, the tar itself contains substances capable of caus- 
ing iron to rust. Crude tar, for instance, always contains 
moisture, and, in addition to this, acetic acid is present in 
wood tar, the water and acid quickly causing the iron to 
rust. Hence it is that sometimes very extensive rusting 
can be detected — often to a considerable degree — under the 
tarry coating. Water-free or acid-free tar would not exert 
such action ; but the purification of the tar from these ad- 
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mixtures is troublesome, and increases the cost of this prepa- 
ration, so that the advantages, as compared with oil paint, 
disappear. Finally, tar paints become softened by the sun’s 
rays to such an extent that the mass runs and leaves the 
iron bare. Thus no secunty against rusting can ever be 
obtained by the use of tar paints. 

In point of resistance to external atmospheric influences, 
acids and alkalis, asphalt stands on the same footing as tar. 
True asphalt is, however, expensive, and has to be dissolved 
in a volatile medium before it can be used as paint. One pre- 
paration of this kind is the iron lacquer used more particu- 
larly for painting iron utensils for lavatory purposes. Bemg 
dear, and forming only a very thin protective coating, it 
cannot be employed for large surfaces and structures of iron. 

“ In the cold, asphalt is brittle, in consequence of which it 
easily cracks off and is speedily removed by the mechanical 
action of the dust carried about by air currents, rain and 
snow producing the same effect. I have found it impossible 
to preserve from rusting — even for six months — iron plates 
that have been painted with this material and left in the 
open air. Moreover, ordinary iron lacquer for the most part 
contains no true asphalt, but only hard tar, i.e., tar pitch, 
which has the disadvantage of softening and running when 
exposed to the sun. 

Cast-iron water pipQS and gas pipes are coated with tar 
or asphalt by dipping them in a hot state in the heated liquid 
material. This gives a staunch, strongly adherent coating, 
which, by reason of the high temperature at which it is pro- 
duced, is also free from water. The pipes, laid in the 
ground, are protected from the action of heat ; moreover, cast 
iron rusts far more slowly and with greater difficulty than 
wrought iron ; in addition to which circumstances the rust 
itself—at the depth at which the pipes are laid underground 
— combines with the sand, etc., to form a protective coating. 
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on sheet-iron flues, on which oil paint would be carbonised ; 
on ordinary cast-iron articles, etc. 

Nevertheless, it is undesirable to leave these objects un- 
painted, and hence use is made of coal tar, or, better still, a 
solution of coal-tar pitch in benzine or petroleum. 

The coal tar used for this purpose must be purified from 
all constituents of an acid nature ; otherwise instead of the 
desired protection from rust, iron will, on the contrary, be 
even more readily rusted, since weak acids act on the metal 
and increase its tendency to oxidation. For this reason it 
IS preferable to employ coal-tar pitch, the solid, neutral, 
resinous residue from the distillation of tar, converting it 
into paint by solution in benzine or petroleum ; in this case 
one IS certain that the paint has no acid reaction. If the 
tar or dissolved pitch be carefully applied whilst hot, it forms 
an excellent and cheap protection against rusting, and at the 
some time imparts a deep black and fairly lustrous colour to 
the iron. 

In respect to tar paints Spennrath expresses himself as 
follows : — 

“ Tar paints were at one time largely used for the pre- 
vention of rust, but their employment has of late fallen into 
disrepute, the alleged protective action having been shown to 
be of very doubtful efficacy. It is true that a coating of tar 
is altogether insusceptible to the chemical influence of the 
atmosphere and also to acids and alkalis ; but, at the same 
time, the tar itself contains substances capable of caus- 
ing iron to rust. Crude tar, for instance, always contains 
moisture, and, in addition to this, acetic acid is present in 
wood tar, the water and acid quickly causing the iron to 
rust. Hence it is that sometimes very extensive rusting 
•can be detected — often to a considerable degree — under the 
tarry coating. Water-free or acid-free tar would not exert 
such action ; but the purification of the tar from these ad- 
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mixtures is troublesome, and increases the cost of this prepa- 
ration, so that the advantages, as compared with oil paint, 
disappear. Finally, tar paints become softened by the sun’s 
rays to such an extent that the mass runs and leaves the 
iron bare. Thus no security against rusting can ever be 
obtained by the use of tar paints. 

“ In point of resistance to external atmospheric influences, 
acids and alkalis, asphalt stands on the same footing as tar. 
True asphalt is, however, expensive, and has to be dissolved 
in a volatile medium before it can be used as paint. One pre- 
paration of this kind is the iron lacquer used more particu- 
larly for painting iron utensils for lavatory purposes. Being 
dear, and forming only a very thin protective coating, it 
cannot be employed for large surfaces and structures of iron. 

“ In the cold, asphalt is brittle, in consequence of which it 
easily cracks off and is speedily removed by the mechanical 
action of the dust carried about by air currents, rain and 
snow producing the same effect. I have found it impossible 
to preserve from rusting — even for six months — iron plates 
that have been painted with this material and left in the 
open air. Moreover, ordinary iron lacquer for the most part 
contains no true asphalt, but only hard tor, i.6., tar pitch, 
which has the disadvantage of softening and running when 
exposed to the sun. 

“ Cast-iron water pipes and gas pipes are coated v^th tar 
or asphalt by dipping them in a hot state in the heated liquid 
material. This gives a staunch, strongly adherent coating, 
which, by reason of the high temperature at which it is pro- 
duced, is also free from water. The pipes, laid in the 
ground, are protected from the action of heat ; moreover, cast 
iron rusts far more slowly and with greater difficulty than 
wrought iron ; in addition to which circumstances the rust 
itself — at the depth at which the pipes are laid underground 
— combines with the sand, etc., to form a protective coating. 
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For example, the gas mains of the town of Aachen (Aix) 
when taken up, after lying in the ground for half a century, 
were found to be incrusted with a thick layer of siliceous 
rust, but in no case had any of the pipes become unfit for 
use ; on the other hand, the house-service pipes of wrought 
iron were extensively corroded by rust in the upper portion. 
At present they are laid in asphalt, and I have myself exam- 
ined such a pipe after five years* sojourn in its asphalt bed, 
and found it entirely free from rust.” 

Mulder makes the following observations on the use of 
ijar as a protection against rust ; — 

“Tar IS highly suitable for filling in the interstices of 
■screws, nuts, and rivets, and will neither contribute to nor 
allow the formation of rust. Good varnishes prepared from 
constituents of coal tar are very slowly oxidised by the air, 
prevent oxidation by the empyreumatic oils they contain, 
and leave behind, on the volatilisation of these oils, a resinous 
layer, fomoing an efficient cover precluding access of air. 

“ One condition, however, is essential in such a varnish, 
viz,y it should never become quite hard. It will then never 
chip off under the influence of expansion produced by 
changes of temperature and the resulting friction of the 
surfaces of the connections, neither will it peal off through 
cold. 

“ In the case of large iron structures it is customary to 
connect adjoining surfaces by hot riveting, an operation 
which precludes the use of oil paint for the rivets. The 
same, however, does not apply to coal tar, which can here 
be used to advantage for coating the (previously cleaned) 
surfaces to be joined ; and if the rivet holes be also brushed 
over with coal tar before the hot rivets are put in, no damage 
is done by the momentary charring of the tar, the residual 
matters between the plates and under the rivet heads being 
resin and carbon. 
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Owing to the circumstance that oil paint will not adhere 
^properly on coal tar (and vice versd) the objects to be after- 
wards painted must be freed from tar by scraping around 
the surfaces in contact before applying the permanent coat of 
paint, which must, however, be laid on with care in order 
that no openings for the admission of air or moisture may 
he left.” 

Dr. Angus Smith's Method oe Treating Iron Pipes. 

Eeferences are often made to Dr. Angus Smith's solution 
ior preserving iron and steel. This is sometimes stated 
to be composed of coal-tar, rosin, pitch, and linseed oil, 
which are combined by heat, but it appears that it is not 
^ solution but simply a method of treating iron and steel, 
more particularly water pipes, to prevent them rusting. For 
this purpose coal-tar is boiled to expel the water, ammoniacal 
hquor, and lighter oils, and the iron pipes, immediately after 
iihey have been removed from the moulds, and before any 
rust has had time to form, are heated to 300° F. and lowered 
into the prepared tar, then removed and allowed to drain. 



CHAPTEE III. 


ANTI-CORROSrVE (BUST-PKBVEN’riNG) PAINTS. 

Conditions of Frepa/ration and Application. — Anti-corrf>’^ 
sive or rnst-preventing paints, the paints designed 
preserving iron from mst and preventing the premature* 
destruction of the metal, have attained to a position of greti-l* 
importance ; and it is easy to understand that the industry* 
concerned with the manufacture of such paints has attaino<i 
very large proportions, many firms being now in a position 
to supply considerable quantities of such materials to railway"' 
companies and other large consumers. In order to increant* 
sales it isJaUeged that some of these paints possess properties*^ 
with which it is impossible for them to be endowed, simply 
because these properties can never be attained. When, for* 
example, we read in a manufacturer's circular that he haw 
invented and prepared a paint capable of destroying pre- 
existing rust, and thereby of preserving rusted iron from 
any further encroachment, it is evident, from what has beoi % 
stated in the previous sections of this work, that such a claim, 
is preposterous. If another maker avers that his product, 
possesses magnetic or electrical properties, this serves no 
useful purpose, because a pigment ground up in, and thorci- 
fore surrounded by, linseed oil or linseed varnish is thereby 
rendered altogether inert. Another manufacturer claims aK 
an advantage for his paint that the pigment ho uses, unliko 
those of others, does not undergo saponification with thc^ 
oil in the varnish and therefore must be much more durable I 

It is, of course, well known that no saponification occurs im 

( 112 ) - 
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paint, and that the durability of a paint may be reduced by 
the action of an oxidising pigment (red lead, white lead) on 
the oil or varnish, whereas an inert body exerts no action. 
Furthermore, in many instances totally unjustifiable claims 
are put forward on behalf of certain paints contaimng a pig- 
ment — iron oxide or graphite — in the form of scales or flakes 
quite visible to the naked eye. It is asserted that in these 
paints the individual flakes are completely enveloped in 
varnish and lie one above another in numerous strata so as 
actually to form a number of coats of paint m one. If, how- 
ever, the scales be examined through a magnifying glass they 
will be apparent as a coarse, scaly powder ; but it will be 
found that the scales have for the most part disappeared, the 
field being occupied by coarse, angular fragments interspersed 
with a few lustrous plates. Now the author is convinced 
that, although these scales may, like finely pulverised pig- 
ments, be surrounded by the varnish with which they have 
been ground, it is altogether out of the question that there 
should be any superposition of scales — like fish scales — as 
alleged, since the paint is just like other paints when laid 
on, except that it forms a coating in which a magnifying 
glass shows the presence of a number of raised points repre- 
senting the coarser particles of the pigment. He would, 
however, go still further, and say that if such scales actually 
do form the strata with which they are accredited, the same 
effect will be produced in still greater degree by the more 
finely powdered pigments, because the granules of the latter, 
being smaller, will lie closer together, forming a larger num- 
ber of protective strata than the coarser particles can do. 
He therefore retains his previously expressed opinion that 
the scaly form exhibits no advantages over the finer powder of 
the pigments generally used, in either case taking a similar 
position in the paint, and the particles of both remaining 
enveloped in varnish or oil when the paint dries. The more 

8 
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intimate, however, the connection between pigment and 
varnish, and the finer the condition of the paint, the longer 
will the latter discharge its functions. Nevertheless, the 
author has no desire to criticise any particular paints, and 
for that reason has not mentioned the articles by name. 

Other advantages claimed for certain paints are power of 
resisting acid and insusceptibility to attack by alkalis. 

Almost any oil paint, no matter what pigment it contains, 
will resist the action of dilute acid provided the exposure 
be merely a short one; otherwise it would be impossible 
to prepare a sample film of paint to demonstrate the acid- 
resisting properties of the same. Seeing that this is done 
by coating a thin sheet of zinc with the paint, and, after the 
coating is dry, dissolving the zinc by immersion in hydro- 
chloric acid, thus leaving behind the film of paint, which 
thereby proves itself capable of resisting acid. 

To be “ acid-resisting,*' however, means to be capable of 
withstanding the continued influence of liquid or gaseous 
acids during several months, which is an impossibility. Even 
a 5 per cent, solution of hydrochloric acid will appreciably 
corrode a film of paint within three months, whilst S per 
cent nitric acid destroys it at once leaving merely an impon- 
derable residue. Moreover, no paint will resist the action 
of the smoky fumes evolved] from coal fires, and it is there- 
fore, as yet, impossible — all promises to the contrary notwith- 
standing — to provide a perfect protection for iron bridges 
and other structures exposed to such influencevS. 

Alkalis exert a similar destructive action on paints, none 
of the latter being able to withstand continuous exposure 
thereto. It is time that one can wash paint over with a weak, 
or even a strong, solution of alkali without much injury, pro- 
vided the surface be immediately rinsed with clean water ; 
but continuous action — even only for a few hours in the case 
of strong solutions — is certain to bring about the complete 
destruction of the paint 
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The influence of water alone has already been considered. 
Paints cannot long withstand this when the immersion is 
continuous ; for resisting water solutions of resin are far 
superior. 

The effect of heat or fire on oil paints is in all cases 
destructive. This is a matter, however, that does not con- 
<5ern us much in dealing with paints for iron structures, and 
is only now referred to for the sake of completeness. No paint 
can withstand the direct action of flame, even old paints being 
first carbonised and then ignited, their destruction being there- 
by ensured. 

The influence of temperatures between 70° and 100° C. on 
oil paint applied to iron is manifested in various ways, the 
paint either turning brown and finally black, though remain- 
ing otherwise intact ; or else blistenng, the blisters carbon- 
ising if the exposure should be prolonged. Blistering always 
'ensues when the paint is suddenly exposed to strong heat 
(see Figs. 39 and 40). On the other hand a different effect 
is produced when the freshly applied paint is subjected to a 
moderate and progressively increasing temperature. Paint 
thus treated becomes unusually hard and firm, and will then 
stand even higher temperatures, up to 100° 0. That paints 
of this kind constitute an ideal means for the preservation of 
ironwork has already been mentioned. 

In addition to the unhappily increasing tendency to load 
the market with paints ostensibly endowed with impossible 
properties, there is an increasing sale of inferior grades of 
paint made from adulterated oil or pigment, or both. In the 
present age of reckless competition, as a general thing, cheap- 
ness is the first consideration — reliance being placed on the 
vendor’s assurance that the paint is good; these adultera- 
tions are more frequent than is usually assumed ; and, in spite 
of experience, it is difficult, if not impossible, to educate the 
public against the practice of placing orders with the seller 
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making the lowest tender. Apparently no thought is be- 
stowed on the consideration that the contractor offering the 
lowest tender cannot honestly go below a certain limit of 
price, being obliged, like any other, to purchase bis materials 
at a certain defined rate ; and having to cover his expenses, 
which are far from small, must make up his deficit by em- 
ploying adjuncts. The lowest offer often secures the order, 
and it is only after subsequent unsatisfactory experiences 
that the conclusion is arrived at that cheapness, in many 
and even m most cases, is synonymous with nastiness. 

It IS only in recent years that Bailway Companies and 
Government and Municipal Departments, influenced by the 
unfavourable results obtained with bad paints and the dangers 
ensuing from the rusting of iron structures, have become en- 
lightened, and now endeavour to secure the beat paint by 
specifying normal standards and methods of testing the pro- 
tective value of paints on ironwork. These endeavours are 
worthy of all recommendation and praise, and will certainly 
be productive of good, provided it bo determined concurrently, 
as a fundamental rule, not to give the order to the contractor 
making the lowest tender ; since he, knowing that the paint 
will be tested, may simply send in a few deliveries of good 
quality and then supply inferior stuff. As we shall see later, 
the methods of testing— -especially for the oils used in paints 
— entail considerable difficulty and expense, so that it is very 
improbable that every cask of the paint supplied will bo ex- 
amined to see whether it is up to the standard. It appears 
that a better course would bo to confide the orders to firms 
of known good standing, who con be relied on to adhere to 
the standards laid down, having nothing to fear if their pro- 
ducts are put to the test ; since, in spite of all precautions in 
the matter of testing, the unscrupulous maker will bo sure 
to find a back door, and the consumer will have an unfavour- 
able experience notwithstanding all his care. 
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Professor von Tetmayr of Zurich, President of the 
International Conference for the Establishment of Uniform 
Methods of Testing Building and Constructive Materials, 
made the following communication to the sub-committee 
appointed to deal with the testing of paints : — 

“ In order to obtain a basis for the establishment of a 
method of testing paints as preservatives of iron structures, 
it seemed necessary to review the current methods of testing 
anti-corrosive paints, and in particular to collect the require- 
ments laid down m this respect in different countries. 

“ The results of the labours undertaken in this matter are, 
in one direction, of merely subordinate value for the simple 
reason that, notwithstanding the unfavourable experiences 
gained, the technology of the preservation of iron in iron 
structures has not received the consideration and attention 
required by the nature of the case. The great majority of 
technical men who have to deal with iron structures are 
more or less indifferent to the question of the means of 
preventing rust, frequently having no opinion on the matter ; 
and up to the present scarcely anyone — in this age of copious 
advertisement — is able to distinguish the inferior from the 
really good article, or to make a correct selection of paint 
suitable for the purpose and local conditions in view. Good 
results obtained with individual paints are mostly a happy 
chance, and seldom the result of deliberation, or the exer- 
cise of a ripened expert judgment. The methods of testing 
the properties of paints have not yet emerged from their 
primitive condition ; and where any examination is made at 
all it is confined to a few practical teats which generally 
extend no further than the determination of the drying 
power, the adhesive properties, toughness, and covering 
i power. Experiments on a large scale are not lacking ; and, 

; indeed, are continually being repeated — in view of the pre- 

I vailing uncertainty in the judging of the value claimed for 
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new paints — as an endeavour to replace existing kinds hj' 
better ones. The results obtained are not, however, as a rule 
made public, but remain the property of the officials concerned. 

“ The specified requirements exacted of rust-preventing 
paints in different quarters vary considerably in important 
particulars, as do also the results obtained with one and the 
same paint matenal. This divergence in results is by no 
means strange when the differences in the methods of treat- 
ment, and the external local influences, are considered ; they 
merely offer a fresh confirmation of the old-established fact 
that nothing is universally good. Often causes and effects 
are confounded, as the decisions expressed on the suitabil- 
ity of red lead and iron oxide for bottoming paints clearly 
evidence. Thus, while in several countries, e.g., France, 
Austria, etc., red lead alone is permitted, it is altogether 
banned in others. In the case of one of the principal Swiss 
railways, instead of employing red lead for bottoming, 
as was originally intended, the use of iron oxide was pre- 
scribed : presumably on account of an experience gained 
somewhere or other to the effect that rusted iron had been 
found under red lead paint. On the basis of this circumstance 
the dubious hypothesis of a surrender of oxygen by red lead 
to iron was invented, and consequently iron oxide was 
recommended Moreover, it is well known that the same 
paint wall vary in its behaviour in different places ; in one, 
for example, it may last for six years and longer, whilst in 
another it requires renewal after only two or three years"” 
service. To the expert there is nothing surprising in this- 
variation ; it will at most lead him to consider that, in the- 
selection of the paint, no regard was paid to the adaptabihty 
of its chemico-physical properties to the local conditions; 
and that the event could have been foretold had a proper 
examination and appreciation of the prevailing conditions, 
been made. 
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“As an additional experience may be cited the observation 
that similar paints may remain intact for different periods of 
time in one and the same situation, ie., under identical ex- 
ternal conditions. In such cases it is evident that a variation 
m the composition of the constituent materials is in question ; 
for this reason methods should be devised to facilitate the 
qualitative and quantitative detection of any substances pre- 
sent that may be capable of prejudicially influencing the 
durability of the paint.” 

Composition of Anti~corros%ve Faints. 

All paints for use on iron consist of a drying oil and one 
or more pigmentary substances, the whole being incorporated 
so as to form a workable paint. These are the fundamental 
constituents in every paint — even those with high-sounding 
special titles — the principal rdle in all cases being played 
by the drying oil employed as the vehicle. The oil usually 
employed is linseed oil, a vehicle which has been used for 
many years; it is cheap and obtainable everywhere; dries 
well (when properly prepared), and — when thoroughly dry — 
IS unsurpassed in durability by any other drying oil. For 
general purposes neither poppy oil, nut oil, hemp oil, nor 
Bankul nut oil (all drying oils) is of any importance, as they 
are restricted to purely local use. Of late an addition to the 
drying oils employed in paint making has beon made by the 
introduction of Chinese wood oil (varnish tree oil), and it 
is not impossible that when its properties, in particular its 
durability, have been thoroughly investigated,* this oil may be 
found useful in the manufacture of protective paints. Its 
capacity for drying uniformly throughout appears to render 
it suitable for this purpose. On a later page a r^sumd of our 
knowledge concerning this oil will be given. 

Landolt acknowledges good pigment and good oil as the 
principal conditions governing the quality of a paint ; and if 
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these conditions are fulfilled a good result can be counted 
upon, provided the paint be properly applied. 

Spennrath regards the oil paints as the most efficient pre- 
servatives against rust, but falls into error in assuming that 
the pigments employed have no influence on the durability 
of the vehicle. On the other hand, he is correct in his view 
that the pigmentary constituent of an oil paint may be selected 
m such a manner as to preclude the destruction of the paint 
from this cause. Concerning the injurious influences capable 
of attacking the vehicle, this authority asserts them to be in- 
curable, and in this opinion also he is correct. 

The following report on the practical tests carried out on 
the under side of a bndge in the Eue Lafayette, Pans, which 
is exposed in a special degree to the influence of smoke from 
locomotives, is furnished by Chief-Engineer Balat : — 

The special paints were placed at disposal by their in- 
ventors or makers, wlnlst the ordinary paints used were 
prepared from chemically pure matenals (red lead, white lead) . 
The ten samples were applied, side by side, on the same 
sheets of metal, set at right angles over the railway track, so 
that each paint was exposed to the corrosive influence of the 
engine smoke under perfectly identical conditions. At the 
end of nine months the following results were obtained : — 
Scmiple 1, One coating of linseed oil, one of red lead, two 
coats of grey, white-lead oil paint. This behaved well, the 
iron not being found exposed anywhere. Nevertheless, the 
presence of very small warty excrescences induces the sup- 
position that the linseed oil coat had blistered, thus preventing 
the adherence of the red lead to the iron. 

Sample 2. A coating of Anderghem iron-oxide paint and 
two coats of grey, white-lead oil paint stood the exposm’e 
well, and was found to be qmte unaltered. 

Sample 3. A double layer of a Erench “ Panzerschuppen ” 
(scale-armour) paint behaved well in the parts not directly 
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•exposed to the action of the smoke ; but in the centre the 
paint had suffered considerable corrosion. 

Sample 4. A double coating with a blackiah-grey com- 
posite paint of German origin was somewhat extensively- 
corroded at the edges and m the centre. 

Sample 5. A single coat of the last-named paint, covered 
by a layer of greyish- white paint from the same maker, was 
somewhat leas affected tlian the preceding sample. 

Sample G. A single coat of a German blackish-grey com- 
position paint, covered by a layer of brown varnish, was 
found to be greatly corroded over nearly the whole surface. 

Sample 7. One coat of red lead, with a topping of tar and 
turpentine oil. This was found to have suffered greatly all 
over. 

Sample 8. A single layer of red lead, and one of tar and 
turpentine oil. Highly corroded over the entire surface. 

Sain^yle 9. One coat of red lead and one of a French 
onamel paint. The latter had almost completely disappeared, 
ioaving the red lead behind in fairly good condition. 

Sample 10. A double coating with enamel paint. The 
paint had disappeared almost entirely. Extensive oxidation 
of the metal. 

The deduction to be drawn from the foregoing results is 
that none of the new special paints possessed the properties 
claimed lor them by the inventors. The tar paint is also 
urtoloHS ; whilst the old paints, with a basis of red lead and 
w'hito lead, still remain the best. It should, however, be 
rtunarked that red load, which has been used by the railway 
company for the past few years, seems to be inferior in point 
of utility to iron oxide. This result is undoubtedly attnbut- 
al)le to th(s linseed oil, with which the iron was first coated, 
having prevented the rod lead from adhering properly. 

Wi(^derhold expresses himself with regard to iron paints 
UjS follows : — 
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‘‘ By far the greater number of the compositions intended 
for preserving iron from rust are notoriously valueless, not a 
few being even injurious , and, in fact, up to the present, no- 
substance has been discovered capable of adhering so firmly 
to iron under various atmospheric influences — and especially 
extensive fluctuations of temperature — as a good oil paint. 
Even in the compBiratively hnuted number of instances where- 
coating the iron with other metals less susceptible to oxidationr 
could be advantageously effected, oil paint still remains the- 
final resource whenever the metallic film (as in tinned and 
galvanised iron) disappears in the course of time. At the- 
same time the present mode of coating iron with oil paints 
is not without its defects, and attention was recently drawn 
by Eairbaim — as the result of very unpleasant experience — 
to the fact that this means does not afford sufficient protection 
for the iron against atmosphenc influences. This is especially 
the case where the metal is employed in the construction of 
ships and bridges, where consequently its preservation is 
of the highest importance ; and it is consequently imperative* 
that strenuous endeavours should be made to discover a more 
durable protective covering for iron.*' 

Toltz experimented with pure asphalt varnish, cheap- 
grades of the same, lampblack, iron oxide, and graphite 
paints as coatings for iron, the tests extending to their 
resistance against heat and moisture. He proposes that 
“structures of iron, steel, and other metals should be care- 
fully cleaned and then painted over with boiled linseed oil,, 
or, better still, with a mixture of this oil and 10 per cent, of 
lampblack, asphalt varnish being also advisable as a first 
coating. They should be laid on thick and left for at least 
ten days to dry, a month being preferable The best material 
for the second coating is graphite paint, which should contain 
at least 33 per cent, of pure graphite, but no turpentine oil, 
benzol, or dners. Parts of the structure exposed to vapours. 
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and gases should receive a third coating with cheap asphalt 
varnish, as this will protect the underlying paints for years. 
Iron oxide paints are not very desirable for the first and 
second coats, graphite paint being preferable. When asphalt 
or lampblack paints are used, all trace of moisture should be 
previously removed, or the efficiency of the paint will be 
endangered. This precaution is less essential in the case of 
iron oxide and^red load paints, the linseed oil itself absorbing 
the moisture.” 

Against these views the following objections may be 
urged : — 

In the first place, asphalt varnish cannot boused as a first 
coating for iron, since oil paints will not dry hard on this 
varmsh, even after weeks have elapsed. 

Secondly, the application of a thick primary coating is 
entirely opposed to the experience gained in practice, and is 
in fact inadmissible for the simple reason that thick layers of 
paint dry very slowly and wrinkle on the surface, whilst the 
underlying portions remain soft and are easily displaced. 

Thirdly, painting should on no account be done on damp 
surfaces, and an absorption of moisture by linseed oil is 
entirely out of the question. 

With the object of ascertaining the best means of most 
effectually preserving iron structures from rust, a Nprth- 
American engineer, M. G. Huber, subjected a large number 
of old and new iron and steel bridges to a very careful 
scrutiny. From his communication it appears that in every 
instance rust spots were discovered under the paint. In many 
cases the extension of the spots was but slight, and th& 
smoother the surface the less extensive the rusting, as a 
general rule ; whilst iron plates were found to be less subject 
to attack than angle irons and girders. Similarly, pieces that 
had been heated to redness were found less susceptible to- 
rusting, and the same was noticed in respect of all parts that 
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had beou oiled in the workshop before being put into jiosition 
and painted. As the investigations showed tliiit I, ho rust 
spots in older structures were not appreciably more extensive 
thau in those of more recent date, Huber concludes that eor- 
rosion proceeds at a very slow rate. 1 1 is I'spocially worthy 
of note that iron oxide paints appear to alTord lietler protec- 
tion than those made of rod lead, the latter being very 
liable to peel and also easily detached from the underlying 
metal. 

As the result of practical experienei> I'xtending over a 
number of years, the author regards the following conditions 
as essential to the attainment of a durable anti-cornwive coat- 
ing of paint on iron : — 

1. The paint employed must bo prepared in such a 
manner as to be easy of application, and form, wlieu dry, a 
coherent layer poBsossing maximum powers of resistance. 

2. Ill the absence of a hotlor and more duriihli' vidiicle it 
should be prepared solely from pure linseed oil, free from 
extraneous admixtures, and contain none hut practically 
inert pigments, ground as fine as pussihle. Pigments which 
impart any reaction, whether acid or alkiilim*, to water after 
digestion for twelve hours therein sliould ho discarded from 
use. The practice of neutralising the acid reaction of linseed 
oil before grinding with the pigmentary Hiihstances is of no 
value, since experience has proved that the iiciility reapjHiars 
during the drying of the paint. 

3. The paint should dry suHiciently in twelve hours to 
withstand any rainfall to which it may he exposiul. 

4 . Grinding should he carried so far that no grannies of 
pigment are left, the paint drying with a smooth siirfiiee, 
IjohuIob being easily distrihiitahlo, and on no account liable 
to run down wlion applied to perpendicular surfiices. 

!>. The paint must not contain any turpentine oil, heciitise 
this, in acting as a diluent, though rendiTing the. paint more 
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workable, reduces the linseed oil ratio in the stratum 
paint. 

6. The adhesion to the metal must be perfect, and 
dried paint must be elastic and remain so for a long time. 

Simon lays down the following conditions to be fulfil 
by a good paint for iron : — 

1. It should afford a protective air-excluding cover 
over the iron. 

2. The materials used in the paint should be free fr 
bodies capable of attacking iron or liable to be decompo 
by atmospheric influences. 

3. In addition to high adhesive and cohesive propert 
the paint must be very elastic and have a coefficient of 
pansion approximately equal to that of iron. 

4. In the selection of the materials regard must be j 
to the question of conductivity in respect of heat and e 
tricity. Hitherto these factors have been almost entii 
neglected, although both are of importance. 

5. The colour of the paint should be such that incipi 
rusting can be detected, and timely precautions taken 
prevent more widespreading corrosion. 

All that is necessary to be said with regard to a’ 
corrosive paints, or the conditions under which they 
fulfil their raison dOitre, having been discussed, attenf 
will now be directed to a description of the compon 
materials. It is sufficiently well known that linseed 
paints afford the best means of protection against rusti 
and, in principle, the composition of any oil paint is v 
simple. 



CHAPTER IV. 

LINSEED VARNISBt AND WOOD OIL. 

Raw linseed oil is scarcely ever used as a varnish in practice, 
owing to its alow rate of drying, linseed varnish, incorporated 
with a finely divided pigmentary substance, forming the 
basis of the oil paints. On applying the paint to any surface 
it is distributed by the brush as a thin layer, which covers 
the underlying material, and, by absorbing oxygen from the 
air, dries to form an elastic coating highly adherent to the 
iron. That, under certain conditions, the pigment may exert 
a contributory action is not impossible ; nevertheless it may 
be assumed in general that such is not the case, the pigment 
usually having no influence at all on the drying properties, 
being merely enveloped in the linseed varnish. In this way 
the pigment is completely protected from external influences ; 
so that even where it is susceptible of decomposition — as is 
the case with zinc white, for example — destructive influences 
cannot come into play so long as the skin or cover of varnish 
remains intact. White lead, also, is decomposable by weak 
acids ; yet no one would class white lead among the unstable 
pigments, since it is protected from external influences by the 
enveloping varnish and at the same time prevented from 
exercising any effect on the underlying metal, both contin- 
gencies being precluded until the varnish has suffered from 
corroding influences. 

Thus we see that linseed varnish is the principal com- 
ponent of all paints ; and in giving this fact due recognition 
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the Conference already mentioned propounded • the followin 
•questions for discussion: — 

1. What are the characteristic properties of a good Hr 
seed varnish? 

2. What extraneous bodies are contained in the con 
mercial article? 

3. What admixtures are injurious and what mnocuouf 
with reference to the employment of the varnish in th 
preparation of paints for ironwork? 

4. In which direction and by what methods should th 
varnish be examined with reference to the aforesaid object 

Before going more closely into the solution of thea 
problems, it will be necessary to devote a few words t 
.the preparation of the linseed varnish itself. 

When linseed oil is heated, at first to a temperature c 
130® C until all the contained moisture — which reveals itse 
by a copious production of bubbles — has been driven oui 
and then afterwards to about 270° 0. for three or four houi’E 
with an addition of so-called driers (lead and manganes 
compounds, such as red lead, litharge, sugar of lead, mar 
ganese peroxide, manganese borate, etc.), a quick drying br 
somewhat viscous varnish is obtained, which in all cases i 
thicker than the original oil, and up to about fifteen yeai 
back was the only Idnd classed as linseed varnish. 

If, on the other hand, the oil be raised to a temperatur 
•of 130° 0. as before, and one of the above-named substances 
or an oloate, or resinate of load or manganese, be then stirre 
in, an equally good drying but more fluid product will resuli 
Such are most of the commercial linseed varnishes of th 
present day. 

Besides these two kinds, which naturally differ chem 
•cally — the presumption being that the greater and mor 
protracted heating to which the former class is expose 
•causes a more extensive alteration of the constituer 
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substances than when the oil is heated to merely 130° C.^ 
though no actual investigations have been made on this 
point — other linseed varnishes are met with in commerce^ 
and consist of {a) linseed oil mixed with driers ; or (i) 
linseed oil which by some special process is made so active* 
that it surpasses the best boiled oils in drying properties^ 
and, in addition to being more fluid, is endowed with an 
excellent lustre. In the author’s opinion this product is a 
linseed oil of unaltered composition, and should be preferred 
to all linseed varnishes prepared m other ways. 

The question now arises as to which of these four 
different classes of linseed varnish is the most suitable for 
ironwork. In this connection it may be stated that, so far as- 
the author is aware, no attempts have been made to subject 
the four kinds of varnish in the form of paints to a practical 
test, side by side and under identical conditions, so as to 
enable a comparison to be made between them. This de- 
ficiency is due to the simple fact that, on the one hand, 
there has been no inducement to do so, and that, on the 
other, the deep-rooted belief that boiled linseed varnish is 
the sole kind worthy of the name has caused every varnish 
maker to launch his ware under the title of boiled varnish. 
The author was himself long an ardent supporter of boiled 
linseed varnishes, but has become convmced by a series of 
trials that linseed varnishes prepared at a temperature below 
270° C. are at least not inferior to the boiled varnishes in so* 
far as drying is concerned. 

It would be of great interest in the solution of the 
problem now under consideration — ^namely, the relative value^ 
as a coating for iron, of linseed varnishes prepared respec- 
tively by heating to 270° 0. ; by heatmg to 130° 0. ; by mixing 
with liquid driers, and by rendering active the unaltered oil 
— to have, in addition to an exhaustive chemical examina- 
tion of the varnishes by competent persons, a practical test 



IBON-COMIOKION AKD AKTI-OOEEOSI'TE PAINTS- 129 

of their efficiency coirried out by some railway oHicial. Of 
course in the latter teats an identity of pigments and con- 
ditions of use would be necessary to the attainment of reliable 
results. It is only by pi’actical experiments on a large scale 
that the question can be settled, and not by following the 
example of Amsel, who, after having long denounced the 
addition of resinato compounds as an adulteration, all at once 
came to the surprising conclusion that the unboiled linseed 
varnishes prepared with metallic resinates are not only equal 
but superior to the boiled varnishes. The author, not being 
an analyst, is not in a position to investigate and determine 
the chemical dilforenceB presumably existing between the 
four classes of linseed varnish ; but practical experience has 
induced the conviction that a linseed oil which has not been 
exposed to far-reaching dissociation through the influence of 
high temperatures must be more durable than one that has 
been so affected, even if only because practical experience 
teaches that linsoed oil is much less rapidly decomposed by 
atmospheric influences than is the case with linseed varnishes 
prepared by strong heating. 

The amount of driers employed in the manufacture of 
linseed vamislms varies, amounting to between 2^ and 
8 per cent, in the case of lead compounds ; 1 to 2-J- per cent, 
of manganese compounds ; and to 6 per cent, of metallic 
resinates. The temperature and duration of heating also 
vary — sufficient factors in the author’s opinion to induce 
differences in the durability of various grades of even good 
and pure linseed varnish. 

Now to consider the factors by which the necessary 
oxygen absorption, causative of drying, is influenced, bearing 
in mind that it is now recognised that the acceleration of 
drying is not due to the amount, or oxygen content, of the 
added driers, but that the object in view is to incorporate 
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with the oil substances capable of absorbing atmospheric 
oxygen with avidity and rapidly parting with it to the oil. 

According to Livache, the mam considerations regulating 
the increased absorption of oxygen by drying oils, such as 
linseed oil, are : — 

1. The degree of purity of the oil itself. 

2. The age of the oil. 

3. The method of storage 

4. The temperature (heat) employed. 

5. The addition of certain substances. 

1. The Purity of the Oil. — Every oil on issuing from the 
press is contammated with water and other impurities, from 
which it must undoubtedly be freed before an elastic mass 
can be produced. This object is attained either in a natural 
manner by subsidence, or by filtration, or finally by chemical 
treatment. The latter method, which generally consists in 
an addition of sulphuric acid, results in the destruction of 
substances incapable of occluding free oxygen, and therefore 
having no influence on the drying of the oil. If freshly 
pressed linseed oil, and oil that has been treated with sul- 
phuric acid, followed by washing until neutral, be exposed 
to the air, it will be found that the second oil takes up a 
larger quantity of oxygen than the first. 

2. Age of the Oil. — Linseed oil stored in such a manner as 
to exclude air will subsequently absorb oxygen in amounts 
varying directly vTith the duration of such storage up to a 
limit. 

3. Method of Storage. — If the oil is stored so that air can 
gain access, it will be found to have absorbed a certain 
quantity of oxygen during storage. Experience shows that 
this is slow to commence, but once initiated it proccods 
rapidly, and will therefore be the farther advanced the longer 
the oil has been exposed to the air. 

4. Influence of Heat. — The temperature at which an oil is 
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exposed to the action of the air has an influence upon its 
drying properties It was demonstrated by Chevreuil that 
linseed oil at a temperature of 25° to 28° C. dried quicker than 
at 15° to 18° C. If crude linseed oil and similar oil that 
has previously been heated are exposed to the air under 
identical conditions of temperature, the drying properties 
differ. Linseed oil that has been heated for three hours 
to a temperature at which merely a few separate bubbles 
of ,gas ascend to the surface, dries more rapidly than 
unheated oil and takes only half as long to set hard. 
Fahrion states that by such light boiling in deep vessels, so 
that access of oxygen is prevented, the modification of the 
unsaturated fatty acids is accelerated, and products are 
formed which are capable of rapidly absorbing oxygen. On 
the other hand Chevreuil, who heated the oil under similar 
conditions, found that an oil heated for five hours dried less 
satisfactorily than one heated for only three hours. It is 
doubtful whether under the influence of protracted heat- 
ing a portion of the glycerine is decomposed — as the odour 
of acrolein would imply — and consequently linolic acid is 
liberated; but it is known that this acid dries less quickly 
than linolein. For the same reasons it is also doubtful 
whether Mulder found linseed oil heated to 60° to 100° C. 
dry less satisfactorily than raw oil. On this point it may be 
aaid that : — 

(а) A moderately high temperature improves the drying 
power of raw linseed oil ; and 

(б) A linseed oil exposed merely to such a temperature 
dries less rapidly than one that has been previously subjected 
to the influence of heat; but only provided the heat em- 
ployed was not so great as to cause incipient decomposition 
of the oil accompanied by the formation of a certain quantity 
of linolic acid. 

6. Addition of Certain Suhstanoes , — It has long been 
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known from experience that the iidtlition o[ ci'i-taiu Huh- 
stances, such as white lead, litliar^^e, luaii^anm' oxide, eU-., 
increases tho drying properties of ihe drying oils. 

In certain cases these siihstaiuu's an' mixed wilh tlu‘ oil 
in the cold; whilst in others tho oil and (lru»r.4 art* broiiglil. 
together while under the inlinenco of heat. Tt) iakt*, in tlit‘ 
first place, the lead coinpoundH, which have long hei'u in 
use, the general practice in to heat tlu‘ oil wiLli tlu* U‘atl drit*r, 
tho latter being added at the stage wlu*n linolic aeid has been 
liberated through the action of tlie ht*aL eni]iloytul. Htu't*- 
upon the oil hecoines oxidised by the oxygi'n in tlu* load oxide, 
and when the operation is terniintited a certain amount of 
metallic lead is found in tho r(*sidue. 

This double reaction is apparently without iulliiencc* on 
the resulting eiloct : in the first place*, ('Xperieiieo toadies 
that lead linolato does nut impart any actual ilrying ])ro* 
parties, being pulverulent ; and, in tho sei^ond plan*, linolio 
acid dries loss rapidly than linolein. Nc*vartlu‘lcsH it is indis- 
putable that a linseed oil healed along witli lead oxiile pos« 
Besses greater drying powers tlian a raw oil or om* boiled 
without addition of such oxide. However, when it is reiju'in- 
bered that a good linsood oil, (exposed to the air, absorb.H 
oxygen to the extent of 1(5 to 18 jxu- cent. c»f its own wi'ight 
in undergoing conversion into a solid mass ; and when, iiion*- 
over, it is recollected that the quantity of Ica<l oxidi* in*d Icail, 
or litharge) used does not exceed in pmcticui 3 to H pci cent, 
as a maximum ; it will bo evidcuit that tlu* abovi* t{uaniiiy 
of oxygon cannot be supplied by tlu^ l(*ad oxidii, Mince the 
amount present in tho latter is only about I per c.ent. as com- 
pared with the 18 per cent, required. Oonsequently hiu*,h 
addition of load oxide can only play a small })art in the oxida- 
tion of tho oil. Moreover, some portions of tlio li^ail oxid*^ 
do not sustain any loss of oxygon, tho oxide eombining with 
tho oil to form a lead soap, Noverlholess, the presence of a 
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<5ertam quantity of metallic lead at the end of the oxidation 
process proves that the oxide has, to a corresponding extent, 
participated in the work of oxidation ; and we have seen, 
from the influence of oxygen on the raw oil, that the drying 
power increases when the oxidation of the oil has attained 
a certain degree. 

Similar observations and deductions have been made in 
connection with the drying powers when manganese com- 
pounds are employed. An appropriate explanation is, how- 
ever, afforded by the important observation recorded by 
Ghevreuil, to the effect that when linseed oil is applied to a 
bright surface of metallic lead, free from any film of oxide, a 
considerable increase in the drying power of the oil is notice- 
able. Here it is indisputable that the oil could not have 
absorbed oxygen from any other source than the atmosphere, 
and it is therefore solely the presence of the metal that has 
increased the diying power of the oil. 

This fact may, however, be followed up still further. If 
a raw drying oil be mixed in a flask with porous lead obtained 
by decomposing a lead salt with some other metal, the dry- 
ing properties of the oil are greatly improved, without any 
elevation of temperature. In this case the possibility of any 
absorption of oxygen by the oil is altogether precluded. It 
therefore follows that a small amount of lead dissolved in 
the oil (acids) is suflBicient to increase the drying power. 

In the case of manganese compounds this drying power 
cannot be proved directly. Lead, however, can be replaced 
ill the oil by manganese, it being sufficient to treat the oil — 
previously treated with lead — with a manganese salt, such, 
for example, as manganese sulphate ; whereupon double de- 
composition ensues, an insoluble lead salt being formed, 
whilst the lead in solution in the oil is displaced by the 
manganese. The drying properties of oil treated in this 
manner are high, and far supenor to those of oils boiled with 
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manganese salts. This circumstance may be explained aa 
follows : when the oil is spread out in a thin layer so as to» 
facilitate access of air the film assumes a dark colour owing- 
to the manganese oxide being raised to a higher state of 
oxidation by the oxygen of the air ; afterwards, in propor- 
tion as the oil thickens and dries, this dark coloration 
progressively diminishes, the oxidation of the manganese 
peroxide having thus been the means of oxidising the oil,, 
so that finally a solid and perfectly colourless mass is. 
obtained. 

The aforesaid coloration and subsequent complete de- 
coloration show that the manganese oxide has served as a. 
carrier of oxygen, itself taking up oxygen from the air and 
then parting with it to- the oil. In the case of lead oxide tho 
process is probably the same, though less energetic. 

Hence lead or manganese compounds used as driers in 
oils play an intermediary part, yielding up their absorbedi 
atmospheric oxygen to the oil, and thus rendermg the latter 
quicker drying than it would be without their assistance. 
The natural sequel to this discovery is to endeavour to as- 
certain whether the same rSle of intermediary is played by 
metals other than manganese and lead ; the simplest way of 
testing this being to take oil that has been boiled with 
litharge and add to it a metallic salt containmg an acid 
which forms with lead a compound insoluble in oil. As we 
have already seen, oil heated with litharge and spread out 
thin will dry in twenty-four hours. However, on replacing 
the lead in the oil by copper, zinc, or cobalt, the oil does not 
dry in thirty-six hours ; and when mckel, iron, chromium, etc., 
are substituted in the same way the drying is protracted to 
forty-eight hours. The observation that oils from which lead 
has been displaced by manganese dry more rapidly than those 
prepared with manganese salts direct is very important. In- 
dustrially, certain preparations of lead or manganese are used> 
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bat their selection is apparently regulated by their ratio of 
solubility in the oil when heated, and consequently preference 
is given to lead acetate and manganese borate, both of which 
are decomposed by heat, yielding up to the oil lead oxide and 
manganese oxide respectively, the beneficial influence of these 
oxides being well known. 

On heating lead acetate to about 100'’ C. it parts with its 
water of crystallisation, in which it melts at 76° C., and also 
with a little of its acetic acid ; if, however, the heat be in- 
creased to 280° C., the salt decomposes altogether into lead 
carbonate, leaving behind as a residue finely divided lead, 
which plays the chief part in the drying of the oil. Like 
all the other manganese compounds, manganese borate is 
of a somewhat unstable nature; the affinity of boric acid 
for manganese oxide being very slight, the acid is easily 
set at liberty on the application of heat. Hence the only 
advantage resulting from the use of this salt is the readi- 
ness with which its manganese oxide can be introduced into 
the oil. 

As already remarked, unoxidised lead in a highly porous 
condition has a very important influence on the drying power 
of the oil ; it is also of interest to learn the effect of other 
metals readily obtainable by precipitation. Only a very 
slight accession of drying power is foimd to result, however, 
from the use of precipitated copper or zinc; this might have 
been presumed from Chevreuil’s observation that linseed oil, 
applied to lead free, from oxide, dries much quicker than on 
sheets of copper, zinc or iron, the latter metals having no 
action, the oil drying thereon as slowly as on glass or porce- 
lain. 

So far as the numerous substances, other than lead or 
manganese compounds, that have been from time to time pro- 
posed as driers are concerned, none have any appreciable 
effect, Chevreuil showed that so far fiuni increasing the 
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drying properties of oils, some of these substances — notably 
antimony salts — produce quite the opposite result. Even 
when a favourable influence has been found, exceptionally, 
to follo'W the use of individual salts, it is in reality attribut- 
able solely to the heat employed. 

According to Simon it still remains to be proved whether 
the ozonised linseed varnish recently placed upon the market 
is really deserving of notice. If ozone be passed through oil, 
only a part will enter into chemical combination, by far the 
greater proportion being simply absorbed and retained on ac- 
count of the affinity for gases displayed by oil. Proof that 
a large quantity of uncombined oxygen is present is afforded 
by the circumstance that oil treated in this manner gives 
no reaction with zinc iodide and starch, though when heat is 
applied a blue coloration is developed. It is thus scientifically 
demonstrated that an available supply of oxygen is present, 
which might be a source of danger liable to cause rusting m 
case moisture and carbon dioxide obtained access. 

Properhes of a Good Linseed Varnish, 

The author, deeming it necessary to go fully into details 
to make the subject generally comprehensible, will now deal 
with the first point arising in this connection, viz,, the char- 
acteristic properties of good linseed varnish. 

Landolt discusses the matter as follows: “By normal, 
i.e , pure, hnseed varnish we understand solely the product 
obtained by boiling or heating pure hnseed oil to tempera- 
tures between 180° and 250° C., with, perhaps, the addition 
of some drier. The specific gravity at 15° C. and viscosity at 
20° G. should be determined. 

“ Pure, good linseed varnish ought to be clear, pale to 
dark yellow in colour — according to the heat and driers em- 
ployed — and should dry, dust-proof, within twenty-four hours 
at the outside. The consistency is somewhat thicker than 
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that of raw oil : viscosity should be determined in round 
numbers, probably at 20° C. The taste and smell are more 
or less characteristic to an expert.” 

The author long ago stated the characteristic properties 
of a good linseed varnish, in the following terms : — 

Consistency , — A good varnish must be somewhat more 
viscous than linseed oil, but not so viscous as to require re- 
ducing with turpentine to make it workable as a paint, other- 
wise it would produce too thick a coating — the drying would 
then be merely superficial and the paint would be liable to 
■crack. 

Colour,— 'Hhm varies according to the method of prepara- 
tion adopted, but should usually be pale yellow to reddish- 
yellow, or even reddish-brown, but on no account dark brown 
or blackish-brown. 

Varnishes prepared by steam heat are paler than those 
boiled over direct fire ; and manganese varnishes — i,e , those 
in which manganous, borate or manganese hydrate is used 
as a drier — are paler than those prepared with lead acetate, 
litharge, red lead, manganese dioxide, etc., approaching in 
fact more nearly in this respect to the varnishes produced by 
the aid of atmospheric air or by the direct introduction of 
oxygen gas. The duration of heating also exerts an influence 
on the colour, the longer the exposure to a high temperature 
the darker the varnish, by reason of the partial carbonisation 
of colouring matter, etc., and the consequent brovra colora- 
tion they impart. 

Smell , — The odour of a good varnish resembles that of 
linseed oil, but accompanied by a slight empyreumatic aroma 
like that of the vapours evolved on heating; it may be un- 
pleasant, but should not be bad, or still less resemble the 
smell of fish oil or rosin oil, which would indicate the presence 
of these bodies as adulterants. If overheated the varnish will 
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possess a disagreeable empyreumatic smell, and be blackish- 
brown in colour. 

Fla/uour . — This also resembles that of linseed oil, but is- 
more irritating, bitter, and unpleasant. The flavour affords 
the quickest and readiest means of detecting adulterations 
with fish oil and rosin oil. 

Good linseed varnish must neither be turbid nor contain 
solid matter in suspension. If not clear it should be left in? 
complete repose for at least foxurteen days in a moderately 
warm situation, at the end of which time it will, if free from 
rosin oil, have become clear, and the amount of sediment, 
deposited will enable one to readily determine whether the- 
varnish had already been clarified or not. Every varnish, no* 
matter how well treated in this respect, will form a slight 
deposit during prolonged storage, but even after some months^ 
this should not exceed i per cent., and is therefore negligible.. 

Many varnish makers carry out the clarifying process in 
a very perfunctory manner, sending their products out almost, 
as soon as made, the consequence being they reach the con-^ 
Burner in a turbid condition and require a fortnight or a 
month to become bright; the sediment may amount to as- 
much as 7 per cent., and to say the least such goods may be- 
considered as imperfect. 

Drying power is one of the main characteristics of goodl 
linseed varnish ; when spread out in thin layers, without any 
addition of pigmentary substances, on glass or metal, it should 
be so far dry at the end of twenty-four hours as to afford no* 
hold to dust, etc. , not tacky, and be set hard within another 
twenty-four hours, whilst still, however, retaining a certain 
degree of elasticity and flexibility. Should it dry quicker it 
would be m some respects an advantage ; but if on the other 
hand it dries more slowly, this is an indication that it has- 
been insufficiently boiled, contains too small a proportion o£ 
driers, or has been adulterated. 
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With regard to the nature of the extraneous matters 
(adulterants, etc.) present in the commercial article, and as 
to which of these are inimicaJ. and which harmless in view 
of the employment of the varnish in the preparation of 
paints for ironwork, Dr, A. Landolt divides the adulterants 
present in commercial linseed varnish into two kinds — 
intentional and accidental : — 

“ The intentional admixtures (i.6., adulterants) are : rosin 
(colophony) , rosin oil, raw (unboiled) linseed oil ; petroleum 
residues of high boiling-point, and mineral oils. The varnisk 
prepared by the BO-caUed cold process must also be regarded 
as a falsification, since this product is imsmtable for use on 
ironwork. The previously mentioned adulterations with fish 
oil, tallow, camelina oil, poppy oil, hemp oil, etc., are rarely,, 
if ever, practised, hnseed oil being as a rule cheaper than any 
of these oils. The principal adulterants are rosin, rosin oil,, 
raw linseed oil, and mineral oil. 

“ First place among the accidental adulterants may be ac- 
corded to the suspended impurities which render the varnish 
turbid, the second place being occupied by water, derived 
from damp casks. The injurious admixtures are rosin, rosin 
oil, and non-drying oils, as well as the hnseed varnish pre- 
pared by the cold process, and raw oil.'' 

No proper distinction can really be drawn between in- 
jurious and harmless admixtures in linseed varnish, since all 
those in question in the adulteration of the varnish — such as 
rosin, rosin oil, mineral oil, and substitutes' — exercise an un- 
favourable influence on the drying, hardening, and durability 
of the paint. Even accidental moisture is injurious, in so far 
that it at least retards drying and hardening, which retarda- 
tion constitutes the first appreciable difference between pure 
and adulterated varnish, and one that is attended by unfortu- 
nate results. Linseed varnishes adulterated with rosin oil and 
rosin dry more slowly than when pure, and also harden more 
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slowly, or not at all, in the latter event remaining soft and 
tacky. Moreover it is found that such adulterated varnishes, 
though at first apparently dry and hard to the touch, become 
tacky again after a lapse of some weeks, and thus allow dust 
to adhere and form a solid crust on the surface. It is also 
well known that they are very liable to crack after a while. 
Mineral oils also retard drying and prevent the paint from 
setting hard. If present in appreciable proportions they also 
give rise to the remarkable phenomenon of a separation of the 
linseed varnish from the mineral oil, the former diying under 
a superficial layer of the latter, which remains indefinitely in 
in its original hquid condition. 

With regard to the methods by which varnish should be 
tested, with a view to ascertain its suitability for use in 
paints, the investigation of the drying oils or linseed varnishes 
has, after a long period of neglect, made some progress during 
the last few years ; the director of the experimental depart- 
ment of the German Painters' Association in Kiel, Dr. Amsel, 
has greatly interested himself in the matter, and has pub- 
lished his results in numerous pamphlets and the technical 
press. Without going more closely into these results or their 
rehability, the author will at present merely refer to one 
method, the so-called water reaction, which is claimed to 
detect in a simple manner vanous specified adulterations. It 
would considerably exceed the limits of the present work to 
quote all the interesting details of the various treatises by 
Dr. Amsel, but it is sufficient to mention that they may be 
found in the Berichte of the German Chemical Society (1897). 
Amsers views have given nse to the publication of various 
conflicting expressions of opinion by other chemists, such as 
Dr. Lippert and Dr. Weger ; and as the question is by no 
means finally settled, the author considers it advisable to 
refrain from reproducing such controversial matter, but will 
content himself with devoting attention to the ordinary 
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The United States Government issued the followin-g 
specifications for linseed oil m August, 1912 ; — 

“The oil must be strictly pure, well-settled linseed oil, 
perfectly clear, and not show any deposits of ‘ foots * or a 
loss of more than 0*2 per cent, when heated for one half- 
hour to a temperature of from 103° to 105° C., it must show 
on examination the following characters . — 



Maximum. 

Minimum, 

Speoiflo gravity at 16° 0. 

0-986 

0*932 

Specific gravity at 26° 0 

0-981 

0-927 

Iodine value (Hanus) . 

190 

178 

Saponification value 

192 

189 

Aoid value 

3 


Refractive index at 26° 0. 

1-4806 

1-479 

Unsaponifiable matter per cent. . 

16 

t 


“ The oil when poured on a glass plate and allowed to drain 
and dry in a vertical position, guarded from dust and exposure 
to weather, must dry free from tackiness in less than seventy- 
five hours at a temperature of from 15*6° to 26*5°.“ 

The behaviour of the varnish when heated to 300° to 320° 
C. affords important indications. Good, pure linseed varnish 
should remain clear under this treatment without coagulating 
or becoming “lumpy,” as the technical term has it, i.e., it 
should not form any gelatinous excretions. 

Landolt says: “The so-called commercial linseed oil, 
which is the sole quality coming under consideration, is rarely 
free from watery and mucilaginous substances. From these 
it can be freed to a considerable extent by prolonged storage 
in suitable vessels. In ordinary commercial linseed oil, how- 
ever, it will be seen that, as soon as the temperature reaches 
176° C., a number of bubbles form at the surfade, and, after 
a short time, coagulation sets in owing to the formation of 
lumps which nse and fall in the liquid, frequently collecting 
into conglomerations resembling frog spawn. In this manner 
the oil may be freed from these injurious accessory consti- 
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tuents, and consequently every good linseed varnish should 
be heated to this temperature unless an oil clarified m a 
superior manner by storage is used. 

These substances are still present in a dissolved condi- 
tion in linseed varnish prepared by the cold process. This 
varnish becomes lumpy when heated, while oil or varnish of 
mormal constitution, free from these substances, never does. 

“ The drying power is ascertained by spreading the varnish 
out on glass plates. Good linseed varnish should dry dust- 
proof, within twenty-four hours, at a temperature of 15° 0.” 

Adulteration with Bos'in, 

Varnish adulterated with rosin is more viscous than usual ; 
■dries in thirty-six to forty-eight hours; is apparently solid, 
but becomes tacky at the temperature of the hand — tested by 
laying the hand on the painted surface. Dust will readily 
.•adhere to paint made from such varnish which it renders grey 
and dull in appearance. After a brief exposure to the weather 
the paint perishes and falls off. 

If linseed varnish, in which an adulteration with rosin is 
^suspected, be shaken up frequently during several hours with 
strong (95 per cent.) alcohol, then left at rest and the result- 
ing extract decanted, the adulterant may be detected in the 
latter. To this end the extract is distilled in a flask connected 
to a condenser and receiver, or in a distilling apparatus, the 
recovered alcohol and undistilled residue being weighed. If 
the latter exceed part of the alcohol taken falsification 
with rosin or rosin oil is revealed, because only 1 part of 
linseed oil or varnish is soluble in 40 parts of alcohol. 

When varnish adulterated with rosin is exposed in a flat 
vessel to the action of the air, a portion of the rosin will 
separate out, in ten to fourteen days* time, in small crystalline 
granules which can be readily identified as such. 

A more circumstantial method of detecting the presence 
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of rosin is to boil the varnish for a few minutes with 95 per 
cent, alcohol, drawing off the solution when cool and then 
treating it with lead acetate solution. In the case of pure 
varnish merely a slight turbidity is produced, whilst if rosin 
be present, a lumpy white precipitate is formed, which can 
be converted into pure rosin by repeated washing and melting. 

The Detection of Urhbo%led Linseed Oil, 

The detection of unboiled linseed oil in varnish is based on 
the percentage content of unaltered glycerine To determine 
this, 5 grams of the oil under examination are saponified in 
the usual manner, and the soap decomposed by hydrochloric 
acid ; whereupon, after standing a little while, the acid liquor 
containing the glycerine is filtered away from the insol- 
uble fatty acids. The glycerine solution is rendered strongly 
alkaline by caustic alkali, and then treated with crystals of 
potassium permanganate until the liquid assumes a persistent 
pale red colour. A little sodium sulphate is then added to 
decompose the excess of permanganate, the manganese oxide 
IB removed by filtration, and the filtrate heated to boiling 
after acidification with acetic acid, the solution being finally 
decomposed by calcium chloride. The formation of a white 
precipitate of calcium oxalate indicates the presence of 
glycerine. This contains some silica, it is therefore ignited 
to CaO which is dissolved in a measured excess of half-normal 
hydrochloric acid and titrated back with half-normal caustic 
soda, 80 parts of NaHO equals 92 parts of glycerol. 

Adulteration with Fish Oil, 

Adulteration with fijsh oil can be detected by the taste 
and smell, and also by means of chemical reagents. If 10 
parts of the linseed varnish under examination be stirred 
up with 3 parts of sulphuric acid in a suitable vessel and 
left to stand until the oil and acid layers have separated^ 
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a white precipitate, containing the metallic compounds, is 
formed, whilst the varnish becomes dark brown, and the acid 
orange-yellow to yellow-brown, in colour when fish oil is 
present. On the other band pure linseed oil varnish is at 
first greenish, turning later to brownish-green, whilst the 
acid assumes a more yellowish colour. When treated with 
chlorine gas, a linseed varnish adulterated with fish oil at 
once turns dark brown, and finally black ; whereas, on the 
other hand, unadulterated varnish becomes more and more 
decolorised, owing to the bleaching action of chlorine on the 
vegetable fats and oils, the animal fats — with the exception 
of neat’s-foot oil — on the contrary being always darkened in 
colour thereby and finally turned black. If 5 parts, by 
volume, of linseed varnish be boiled with 1 part of caustic 
soda lye (sp. gr 1’34) there results a yellowish emulsion in 
the case of unadulterated linseed varnish, or a red one when 
the varnish has been falsified with fish oil. 

Detection of Mineral Oils, Pctroleiwi Derivahves. 

Mineral oils have a lower gravity than linseed oil, z.e., 
0*840 to 0*930. 

Mineral oil, rosin oil, and unsaponifiable oils are generally 
detected and estimated by saponifying with caustic potash 
shaking out with ether, washing the latter, drying over cal- 
cium chloride and evaporating off the ether at a low tempera- 
ture and weighing the residual oil. 

Ad’ulterat%on with JRosin Oil, 

Bosin oil has a higher gravity than linseed oil, i,e,, 0*96 
to 1*00. 

Bosin oil is the most common adulterant of linseed 
varnish, and can in most cases be detected by the smell alone, 
this characteristic becoming more apparent if a few drops of 
the varnivSh under examination be rubbed between the hands 

until they become warm. The taste also affords an excellent 

10 
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means for detecting the presence of even very small quan- 
tities of this oil, the irritant, nauseous flavom being recog- 
nisable directly. If varnish containing rosin oil be agitated 
with dilute sulphuric — or hydrochloric — acid and left to 
stand, there forms, in addition to the white precipitate of 
lead and manganese salts, a number of sticky, white lumps ; 
whereas, with pure linseed varnish, only the first-named 
deposit is produced, and the liquid will have become 
thoroughly clarified after a few hours. Furthermore the 
(Fischer) oleometer can be employed for testing, pure man- 
ganese varnish registering 26° and lead varnish 24°, whereas 
varnish containing rosin oil will indicate bUrely 20° to 22". 
A special peculiarity exhibited by all varnishes containing 
rosin oil is that when stored cold a part of the rosin oil is 
precipitated, the varnish becoming turbid, and a compact 
sediment is formed which disappears altogether when 
warmed. If a suspected sample of varnish be immersed in 
a freezing mixture at about 5° to 6°, the above phenomenon 
will make its appearance in a very short time when rosin oil 
is present ; whereas pure linseed varnish remains pale and 
clear. The formation of a considerable quantity of sediment 
in linseed varnish during storage indicates, with certainty, 
adulteration with rosin oil. Again, 10 grams of the suspoctod 
varnish may be mixed -with 50 c.c. of alcohol and 5 grams of 
caustic potash (dissolved in a minimum of water), and heated 
for half an hour under a reflux condenser, after which 50 c.c. 
of water are added and the whole is cooled by immersion in 
cold water. Then the liquid is shaken up with petroleum 
spirit in a separating funnel, and, after the two layers have 
separated, the lower stratum is drawn off as completely as 
possible. The stratum of petroleum spirit is next washed 
repeatedly with water, which is finally separated. As, how- 
ever, a few drops of water will be drawn off along with the 
petroleum spirit, it is advisable to transfer the latter to a dry 
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flask, from whence it can be poured into the weighing flask. 
By this means the water remains adherent to the walls of 
the intermediate flask. The residual liquid from the first 
treatment with petroleum spirit is extracted to exhaustion 
with the same solvent and the total extract is united. 

In order to afford a rapid test for the presence of rosin 
oil or mineral oils in the unsaponifiable matter obtained 
by the above method, it is shaken up with an equal volume 
•of acetone. If the liquids are completely miscible, the liquid 
is rosin oil, or a mixture of the latter with a little mineral oil. 
A similar test may be performed with alcohol (sp. gr. 0*95) 
dn which rosin oils sink, whilst mineral oils do not. 

Another method for detecting adulterations with rosin oils, 
which it IS said to reveal when present even in quantities 
too small to be discernible by the taste or smell, is described 
by Landolt as follows : — 

About 5 to 10 c.c. of the oil under examination are placed 
in a test tube with 3 to 5 c c. of pure concentrated com- 
mercial nitric acid and warmed on the boiling water-bath, 
a check experiment being made concurrently with a linseed 
■oil of known purity, and the alterations noted. 

Pure linseed oil will remain yellow, but oil containing 
rosin oil will turn red. 

Eosin oil and rosin may also be detected by means of the 
Liebermann-Storch reaction. The oil to be tested is heated 
with acetic anhydride and cooled, the latter is then separated 
from the oil and one drop of concentrated sulphuric acid 
poured down the side of the tube. In presence of rosin or 
rosin oil a violet coloration is developed. 

When prices of varnishes rule high, adulteration with 
turpentine oil, and even with benzol, is occasionally practised. 
If a few drops of such linseed varnish be rubbed between 
the hands, the odour of turpentine or benzol will become 
manifest ; the falsification may, however, be detected with 
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greater certainty by a distillation test, whereby these volatile 
oils will be driven over, leaving the linseed varnish behind 
nnaltered. By working vnth weighed quantities the per- 
centage of adulteration can be determined from the amount 
of distillate collected. 

Detection of Driers in Linseed Varnish. 

It can be ascertained whether a given varnish has been 
prepared by the aid of lead or other chemical compounds , 
and the tests employed only lead to negative results — i.e > 
no precipitate is formed — in case air or oxygen gas ha& 
been used for oxidising the linseed oil. When the oil is 
boiled with metallic oxides or other chemical compounds 
capable of yielding up oxygen, metallic linolates are pro- 
duced and remain in solution or chemical combination with 
the oil, from which they can be afterwards separated — by 
solution or precipitation — by the addition of dilute hydro- 
chloric or sulphuric acid. This forms the basis of tlio 
method of detection The' varnish is mixed with about its 
own volume of sulphuric acid in a test glass, and watched 
for the formation of a precipitate. If a white deposit is 
produced, which turns black in presence of sulphm’otted 
hydrogen, the varnish contains lead, and has therefoni been 
boiled along with lead compounds, or, perhaps, been moroly 
incorporated with such. If the acid remains clear and un- 
troubled, but turns greenish, changing to black on ilio 
addition of sulphuretted hydrogen, then copper compounds 
have been employed. On the other hand, should the precipi- 
tate remain unchanged, lead is absent, and a furtlier test 
is made, first with ammonia and then with ammonium 
sulphide. When iron is present a black precipitate is formed, 
whilst manganese gives a flesh-coloured, and zinc a while 
precipitate Further indications are obtainable by treating 
the original acid solution with an aqueous solution of B(xlium 
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carbonate. A dirty-green precipitate implies iron, as does 
also the production of a blue coloration when potassium 
ferrocyauide is added to the solution. A white precipitate, 
turning blackish-brown on exposure to air, indicates man-' 
gtmcse ; and when Z'lnc is present a white precipitate, soluble 
ill excess, is formed on the addition of a little ammonia to 
the acid solution. 

With regard to the manner in which varnish should be 
tested with reference to its suitability for use as paint, the 
following appropriate remarks were made by the late Pro- 
fessor Kudolf Benedikt : — t 

“Thanks particularly to Bauer and Hazura, and their 
pupils, our knowledge on the subject of linseed oil has been 
greatly increased during the past few years. We now know 
that the acid of linseed oil, so far from being a single substance, 
is a mixture of at least three acids, described by Hazura 
as linolic, hnolenic, and iso-lmolenic acid, and that a high 
proportion of the two latter is characteristic of this oil. 
The same workers have revised Mulder’s labours, confirmed 
the majonty of his results, and brought them into harmony 
with modern ideas of chemical composition. Moreover, the 
analytical examination of linseed oils and the fatty oils in 
general has developed to such an extent that we are enabled 
to identify and quantitatively determine with certainty — 
within definite limits — the presence of admixtures of rosin, 
rosin oil, and mineral oils. On the other hand, however, 
the detection of added fish oil or vegetable oils is, as yet, 
possible only in a qualitative sense, but not quantitatively. 
For the purposes of buying, the varnish maker has sufficient 
indications available to enable him to determine whether a 
proffered sample of oil is adulterated with rosin oil or mineral 
oils ; moreover, he can determine the drying power by the 
Livache or similar method. 

“When buying linseed oil the varnish maker will be sure 
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to choose the one exhibiting the highest iodine value, the 
greatest increase in weight under the Livache test, or highest 
thermal value (rise in temperature) when mixed with sulphuric 
acid. He should also fix a certain minimum for the iodine 
value, Livache value, and Mamnene thermal value, notwith- 
standing that oils exhibiting lower values may be none the 
less pure. (The buyer might probably lay down these con- 
ditions. The seller, however, does not trouble himself about 
them if he sells * pure hnseed oir.) 

“ It is, however, of importance that each of these methods 
of testing affords in itself an idea of the drying properties of 
the oil, and enables a comparison to be drawn as to the value 
of different oils. The determination of the specific gravity, 
viscosity, refraction, etc., may serve to supplement and con- 
firm the results of analysis in dubious cases, but will seldom 
be necessary, 

A manufacturer should, for instance, make it a conditioi> 
that the linseed oil supplied should have an iodine value of at 
least 170. 

‘‘In the case of linseed varnish, however, the conditionti 
being different, it is impossible to demand that a good varnisljt 
must exhibit a given iodine value, a definite oxygen absorptioi> 
value, or a particular degree of viscosity. Varnish has a lower 
iodine value, a higher acetyl value, greater specific gravity^ 
and higher viscosity than raw linseed oil. 

“During the boiling process the iodine value recedoH^ 
whilst the other specified values increase. Consequently, if 
one were to boil a pure linseed oil to varnish, and chemically 
examine the samples drawn from time to time, tabulating tho 
results, a progressively decreasing series of iodine values anti 
an inverse ratio of acetyl values would be obtained, thougli 
among the resulting products several might be good var- 
nishes. The individual samples would differ among them- 
selves m the rate of drying and degree of hardness attained ^ 
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but might all be useful varnishes. We have ourselves pre- 
pared almost equally good varnishes by boiling the same oil 
for different lengths of time with the same addition. The 
conditions are more complex when oils of dilferent origin are 
boiled by different methods with different proportions of 
added materials. 

“In judging the value of a varnish therefore from a 
chemical and physical examination it is only possible to come 
to a correct conclusion by taking into account the results of 
all the tests 

“For instance, if one knows that a linseed varnish has 
an iodine value of 130, nothing is learned therefrom ; it must 
first be ascertained what are the acetyl and Livache values 
and viscosity corresponding to a good varnish having the 
iodine value in question. 

“ However, sufficient experience has not yet been gained, 
with regard to the chemical and physical properties of good 
varnish, and many of the data published are too unreliable 
to suffice for the preparation of data. For this purpose it 
would therefore, in the first place, be essential to have at 
disposal a senes of good varnishes, and to have these an- 
alysed by a competent chemist. Even then it is not certain 
that conclusive results would be obtained by this mode of 
procedure, since chemical practice shows numerous examples 
wherein analysis alone has led to no positive results. 

“ Meanwhile one cannot do better than test the drying 
power of a varnish by spreading out and exposui’o, which will 
also enable the consistency after drying, and the resistance 
to air, light, and water, to be ascertained. This plan is, how- 
ever, beset with the disadvantage that defects only make 
their appearance after a comparatively long time ; in this 
case, as in others, protection must be secured by obtaining 
the materials from firms known to be trustworthy. In 
addition to this a chemical examination, in certain directions, 
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e g,, the admixture of rosin, rosin oil, mineral oils, fish oil, can 
be performed. Nevertheless, it should not be forgotten that 
a chemical examination sufficiently thorough to afford a com- 
prehensive judgment of a linseed varnish — even premising 
that all the data for such judgment have been acquired — re- 
quires considera^ile time to carry out, and needs a highly 
skilled and expert chemist. It must not be imagined that 
such simple tests as are used for olive oil, e.g., iodine value, 
and perhaps specific gi’avity determination will be sufficient. 

“ The considerable expense attaching to examinations 
of this kind, particularly when the comparison of varnishes 
offered by different sellers is m question, would be likely to 
preclude a systematic and general investigation. 

The examination becomes a still more complicated matter 
when ready-made paints are under consideration, because it 
then becomes necessary to separate the varnish from the 
mineral admixtures.’’ 

The foregoing remarks are very instructive, showing, as 
they do, that it is possible to ascertain, both by analytical 
means and empirically, by a few simple tests, whether a 
linseed varnish is adulterated or not. They nevertheless 
throw no light on the question whether even a pure linseed 
varnish affords a guarantee of its suitability as an anti-cor- 
rosive paint. In the author’s opinion this problem will never 
be solved, but that attention must be restricted to requiring — 

1. That the linseed varnish contains no extraneous fatty 
oils, rosin, rosin oil, mineral oils, or any adjuncts whatsoever. 
(These are generally metallic rosin soaps dissolved in benzol 
or petroleum.) 

2. That the varnish shall possess a certain consistency, 
to be determined by means of the viscosimeter. 

3. That the varnish shall dry within twelve hours, and 
be set hard within a further twenty-four hours. 

4f. That it shall be pale in colour, perfectly clear, and de- 
posit no sediment even after storage for a fortnight . 
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The paint manufacturer will buy the necessary raw ma- 
terial — linseed oil — m the chief commercial centres and work 
it up into varnish ; he will know how to protect himself against 
udulteration, as well as to prepare his varnish so as to obtain 
ft product that will comply with the conditions enumerated. 
In spite of all the progress that has been made, the purchase 
of the article is still a question of confidence, and an honour- 
itble manufacturer will not resort to adulteration in order to 
inalce a slight extra profit or a lower tender 

Chinese Wood Oil (Wood Oil, Varnish Tree Oil, or 

Tung- Oil). 

Even in older chemico-technical works brief notices are 
to be mot with on the wood oil of China and Japan, which 
is obtained from the seeds of the varnish tree {Aleurites 
i'ordata, Elaeococca venvicia) in those countries, and is sold 
there as a varnish oil for waterproofing wood, caulking ships, 
and lacciuering furniture. About 200,000 Chinese piculs (1 
picul = 133*33 lb,, or 60^ kilos.) are annually dispatched from 
Hankow on the Yang-tse-Kiang to other parts of China. 

According to de Negri and Sburlati, the fruit of the var- 
nish tree contains 53*26 per cent, of oil, about 42 per cent, 
being obtainable by pressing, etc. The same authorities also 
state that tho oil is clear, of a yellowish colour, and having a 
peculiar smell resomhling that of castor oil. It is tasteless, 
dries in about twenty -four hours when exposed to the air, and 
is Holiililo in cold, absolute alcohol. By solution in carbon di- 
sulphide, and evaporation of the solvent, the oil is converted 
into a crystalline mass. According to another report the cold 
pressed oil is palo yellow, whilst that obtained by warm press- 
ing is almost dark brown. It is a thick oil of high density 
{0*940(j-0*U140), and does not solidify in the cold. This oil, 
which possesses much stronger drying properties than candle- 
nut oil from Aleurites trUoha, must not be confounded with 
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the balsam known as wood oil, or Gurjun balsam, derived! 
from DipteroGOA'pus twh%7iatus Gaertn, ; the latter is, how- 
ever, adulterated with wood oil. The examination of the oil 
by Oloez showed it to consist of two glycerides, ordinary olein- 
and another glyceride — eloeomargarin — the latter yielding, on 
saponification, elaeomargaric or margarolic acid 
This report has, on account of the formula, but little pre- 
tention to accuracy. The formula of elfleomarganc acid 
is CigH3202. In drying power it is superior to linseed oil, 
but the warm-pressed oil appears to be endowed with this 
property in a less degree than that from cold pressing. 

When heated with alcoholic potash it saponifies rapidly.. 


Constants of Wood Oil. 

Many analyses of Chinese wood oil have been made, but it 
is questionable as to how far these relate to pure samples. 
The follovnng are analyses of seventeen samples of Hankow 
oil by A. Chaston Chapman {Analyst^ Dec., 1912). 


Sample 

No. 

Iodine 

Value 

Specific 
Gravity 
at 16 6° C. 

Sapomdca- 
tion Value. 

Bofractive 
Index at 
20° 0. 

Time of Ef- 
flux, 
Seconds. 

Heat Poly- 
merisation 
Tost, 1 Hour 
at 260° 0. 

1 

169 9 

0-9419 

190 6 

15207 

2178 

Very hard 

2 

168-4 

0 9406 

198 8 

1-5181 

1636 

Hard 

3 

166 6 

0*9426 

194-3 

1-6190 

1946 

Fairly hard 

4 

106 4 

0-9417 

198 0 

1-6170 

1880 


5 

168-8 

0-9430 

196-6 

3-6195 

2017 

Very hard 

6 

170-0 

0 9440 

194 6 

1-6180 

1849 

Hard 

7 

168-6 

0 9416 

193-0 

1 6160 

— 

Fairly hard 

8 

171-0 

0 9414 

192-0 

1-6170 

— 

Hard 

9 

169-7 

0 9487 

194-1 

1-6176 

1997 


10 

173 0 

0 9420 

192-6 

1-6166 

1722 

»» 

11 

176-2 

0-9417 

102-0 

1-6168 

1606 


12 

172 6 

0-9429 

196-0 

1-6180 

1740 

tt 

13 

174-2 

0 9427 

194-6 

16182 

1690 

1} 

14 

178-7 

0 94BO 

196 0 

1-6194 

1820 

)T 

16 

172 8 

0-9440 

194-6 

1-6193 

2047 

17 

16 

160-6 

0-9420 

196-2 

1*6160 

1804 

77 

17 

169 6 

0-9483 

196 2 

. 1-6187 

1820 

Very hard 

Average 

170 6 

0 9425 

194-2 

1-6179 

1860 
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Lewkowitfich {Oils, Fats, and Waxes, 5th ed., Vol 11., 
p. 75) gives the following constants for Chinese wood oil ; — 


Speoifio gravity at 16*6° 0. . 

. 0-933 to 0 9440 

Sohdifyiug-pomt . 

2 „ 3° 0. 

Saponification value . 

. . . 186-1 „ 197 

lodino value 

. 160-2 „ 176-2 

llofvactivo index at 20° 0. . 

. 1-611 „ 1-6207 

InHolublo fatty acids 

. . . 96-0 per cent. 

Solidifying-pomt . 

31'’-2 0. 

Mol ting-point 

. 40“ to 43-8'- 0. 

Neutralisation value . 

188-8 

lodino valuo 

. . . 146-0 to 169-4 


According to Chapman the refractive index is the highest 
or all oils, rarely falling below 1’517. The viscosity is also 
much higher than that of any oils with which it is likely to- 
be adulterated. 

A very characteristic test for the purity of Chinese wood 
oil is the heat polymerisation test (Bacon's or Worrairs test). 
If the oil be rapidly heated in a basin on a sand-bath to a 
temperature of 280“ C. and stirred it will become a perfectly 
solid dry jelly in ten minutes if pure, but if adulterated it will 
be soft, or more or less fluid. 

If 6 grams of the oil be mixed with 2 c.c. of carbon bi- 
sulphide and 2 c.c. of sulphur chloride, and stirred in the- 
cold, a thick, sticky jelly is formed. At the boiling tempera-^ 
ture of water a skin begins to form on the surface of the oil 
within one c^uarter of an hour, and entirely covers it in two 
hours. At the end of four hours* heating the increase in 
weight amounts to 1*14 per cent. 

The olaidin test gives a dark brown-red mass, consisting 
of a heavy, almost solid portion and an oily residue, the 
whole being thick when stirred up. With Becchi’s reagent 
a deep brown-red coloration is produced. Strong sulphuric 
acid converts the oil into a solid black mass, and nitric acid 
(sp. gr. 1 *4) forms with the oil a viscid mass, which deepens 
in colour and becomes brittle on standing. If 9 grams of oil 
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be dissolved in 5 c c. of chloroform, and stirred up with 5 c.c. 
of a saturated solution of iodine in chloroform, the mixture sets 
to a stiff jelly in two minutes ; when only 2 grams of oil are 
taken the mass is so hard that it can be granulated. On ex- 
posm’e to a heat of ISO*^ 0 with exclusion of air, a small 
volume of vapour is evolved without the fluidity of the oil 
being diminished ; but above 250° C. the oil is changed into a 
solid, clear elastic substance which is insoluble in the ordin- 
ary solvents for oils, and does not melt at the temperature of 
its formation. 

According to the statements of importers, there are two 
kinds of wood oil : Canton wood oil and Hankow wood oil, 
the former being purer, better, and about 10 per cent, higher 
in price than the Hankow oil. 

The author’s experience of this oil goes to show that it 
is of a pale yellow colour, clear — or at most only slightly 
turbid, and then clarifying within a few days — and much 
thicker than linseed oil, in fact about the same as castor oil. 
The odour is peculiar but not unpleasant, approximating 
most nearly to earth-nut oil, the same applies also to the 
taste When heated to 200° 0. it soon undergoes consider- 
able alteration, and also rapidly thickens with litharge, the 
colour then becoming darker. A faint odour of acrolein is 
evolved during heating. At 260° to 280° C. the oil merely 
gelatinises, but at higher temperatures it is changed to a 
solid gelatinous mass, the vapours igniting spontaneously. 
Wlien manganous borate is used as the drier, the initially 
thin liquid changes suddenly into the gelatinous condition, 
and IS then no longer soluble in benzol or turpentine oil, 
therefore care is required to prevent the occurrence of this 
modification. 

With regard to the drying properties of the oil, the 
following points may be mentioned : when spread out in a 
thin layer on glass it dries, in a closed room, within twenty- 
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four hours, or so, to a whitish film, so that the glass la no 
longer transparent but resembles milky or frosted glass. If 
the layer is thick, a longer time is occupied in drying. On 
exposure to the air, however, even the thicker layers dry 
within a few hours. The oil, after being boiled or heated by 
itself, also develops the aforesaid whitish film; but, after 
boiling with litharge, dries^ as clear and bright as any other 
oil varnish. Its greatest peculiarity is exhibited after 
drying, smce whereas linseed oil, linseed varnish, and all 
other drying oils form a thin superficial skin which gradually 
becomes thicker and thicker, dr3ring from above downwards, 
wood oil dries uniformly throughout, so that the lower por- 
tion is just as dry as the surface. Even fairly thick layers 
can be scraped off as a tough or somewhat brittle mass, 
quite uniform throughout. One point worthy of note is the 
exceptionally slight degree of adhesion of the dry coating 
to glass surfaces. 

Although the price of wood oil is still so high that it 
cannot be regarded as a competitor of linseed oil, it has 
nevertheless made its way in the varnish and paint-making 
industries, by reason of its special rapid-drying properties ; 
there is no doubt that when it has been thoroughly experi- 
mented with, it will find application in a number of ways. 
For example Chinese wood oil is, on account of its hardness, 
used as a floor varnish ; and in the waterproofing industry it 
has been worked up into a product (“Atcella'*) resembling 
oilcloth, which is superior to the latter by reason of its un- 
usual elasticity. Whether the oil VTill be found suitable for 
use on ironwork, particularly for the primary transparent 
coating, remains to be proved. 

In the raw state, however, wood oil cannot be used, 
because it dries somewhat opaque. In order to be able to use 
it in the same way as linseed oil it must be heated, and that 
too with a small percentage of lead oxides (red load or 
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litharge), since otherwise it will still dry opaque. This, of 
course, makes no difference when it is used in paints, but even 
then the treatment is desirable in order to accelerate drying. 
In heating the oil, whether with lead compounds or those of 
manganese, the temperature must be carefully kept below 
200° C. ; otherwise, and particularly in the case of mangan- 
ese compounds manganous borate), thickening ensues 
quickly developing into complete gelatinisation, which spoils 
the product for use. Consequently the temperature should 
not exceed 160° C., or 180° C., as a maximum; and when 
this is reached the pot should be removed from the fire — or 
the latter extinguished — before the driers are stirred in. 
This will be quite sufficient to impart the requisite drying 
power to the oil, and will at the same time obviate the evil 
already refen-ed to. When ground with pigments, the oil 
prepared in this manner furnishes excellent paints, which dry 
right through in a short time, and set hard and solid, unlike 
linseed oil paints, which harden on the surface but remain 
soft and tacky underneath for a long time. There is a good 
demand for paints that will dry thoroughly, and for these the 
question of price is a minor consideration. 

Its predominating quality renders wood oil also suitable 
for the manufacture of oil lacquer varnishes. Nevertheless, 
both in its employment for this purpose and as a vehicle for 
paints, the chief thing to be borne in mind is the above men- 
tioned tendency of the oil to gelatinise at temperatures 
approaching 200° G., when containing additions of lead or 
manganese compounds. Very good results are obtainable by 
the association of wood oil with linseed oil. 

The odour of Chinese wopd oil is very peculiar and clings 
porsiatently to the varnish prepared from this oil, even long 
after the coating of varnish is dry ; in fact it is so persistent 
that the smell is still decidedly apparent after waterproof 
articles prepared from this oil and dried by hot air have been 
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stored for months, just as oilcloth smells of linseed oil for 
years. Of course this peculiar lard-like smell is also notice- 
able in the varnishes made from wood oil, and if objected to 
it will evidently be necessary to remove it, as far as possible, 
or at least to reduce it to a minimum. Masking the smell 
hj the use of ethereal oils is not likely to accomplish the 
•desired effect, since as the former are dissipated the odour 
of the oil will reappear. Consequently other means must be 
adopted, such, for example, as agitation with a dilute solution 
of permanganate of potash, a filtered solution of chloride of 
'lime (bleaching powder), filtration through animal charcoal, 
•or stirring up with flour or potato starch and leaving a long 
time to settle, followed by filtration. It is claimed for the 
process introduced by Bang and Ruffin that almost perfect 
■deodorisation may be effected by means of dried atmospheric 
air. To this end the oil is warmed in a suitable pan and 
subjected to a current of air (blown through it by a fan) at a 
temperature not exceeding 50° C for at least six or eight 
hours, at the end of which time the smell of the oil will have 
diminished considerably, so that it becomes unobjectionable. 

Mention must not be omitted that wood oil should not 
he regarded as a substitute for linseed oil. On the contrary, 
it jnelds varnishes, paints, and lacquers endowed with special 
properties ; consequently no great stress need be laid on the 
Tnecessity for deodorisation, since the peculiar smell of the 
oil may serve as a characteristic of these new products, and 
sail the more so as it is not disagreeable. 



CHAPTEE V. 

PIGMENTS 


The second constituent of all paints is the pigment^ by- 
means of which covering power and suitable consistency are 
secured, pure linseed varnish forming only a transparent 
coating of a very attenuated nature. In order to impart the 
proper thickness to the paint and render it non-transparent 
the linseed varnish is mixed with a powdered pigment and 
ground along with the same in a colour mill, so that the 
requisite fineness and intimate admixture may be obtained. 
Every paint is a mixture of linseed varnish and pigment, and 
the latter can be recovered by leaving the mass to settle and 
then washing with benzol or ether ; so that the pigment can 
be extracted from any oil paint and tested as to its composition. 
When a paint containing a lead product as pigment is kept for 
a long time, the latter may, under certain circumstances, exert 
chemical influence on the linseed varnish ; whereas pigments 
free from lead are inert in this respect. This is an important 
point, and one that must be borne in mind continually, in 
order to prevent the formation of false conclusionK. Whilst 
many pigments are incapable of acting on linseed varnish, it 
may happen that, through the presence of extraneous sub- 
stances in the pigment, or as a result of the method of pre- 
paration, or from other causes, some action is initiated. Thus,, 
m the case of iron oxide pigments prepared from the residues 
from alum works, it may easily happen that an acid reaction 
is exhibited, which may have an unfavourable effect on the 
varnish Moreover, water exerts a peculiar effect on thesci 

aoo) 
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paints. If a paint containing ochre or red oxide be covered 
over with water and left for some time, it will be found that 
instead of forming a homogeneous mass the paint will be- 
come granular, a portion of the oil being displaced by water. 
This may be due to the greater affinity of the pigment for 
water than for oil or to the formation of an emulsion. 

As already stated, the pigment plays the second leading 
part in all paints. The linseed varnish imparts elasticity, 
cohesion, and capacity of resisting external influences, whilst 
the pigment gives covering power and colour. Sufflcient at- 
tention having already been given to the varnish, we will 
now turn to the pigments. 

All pigments employed for paints to be used on iron- 
work are of inorgamc nature, some being found native and 
others produced by chemical means. Accordingly a distinc- 
tion may be drawn between — 

1. Natural earthy pigments and 

2 . Chemically prepared pigments. 

Both these classes are used in pamts for iron. To the former 
categoiy belong all pigments containing iron oxides in larger 
or smaller proportions, such as ochre, colcothar, Venetian 
red, iron minium, and the scaly oxides of iron ; m addition to 
which there are others, not finding employment for this pur- 
pose, such as Terra di Siena and manganese pigments, like 
umber. Graphite, which consists of more or less pure carbon, 
also belongs to this class. 

The class of chemical pigments comprises a large number 
of pigmentary bodies, mostly compounds of the heavy metals, 
lead, antimony, zinc, iron, copper, chromium, etc., prepared 
by oxidation, treatment with acids, or by precipitation from 
various saline solutions. It is not necessary to enumerate 
all the known pigments, seeing that most of those are of 
no value for our immediate purpose, therefore the author will 
restrict himself to the consideration of such as are employed 

11 
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almost exclusively in the preparation oC aiiti-corn^sive paints. 
These are : the pigmentary compounds of load, zinc, and iron, 
as well as graphite. The other pigineixtH used, Huch as vino- 
black, ultra-marine, etc, are only employed in small (luiinti- 
ties for toning purposes and have no inlluenco on tlio- ijuality 
of the anti-corrosive paints. GonKe(juciitly the piginontH with 
which we are concerned can be divided into thrcic principal 
groups, namely : — 

1. Lead pigments, 

2. Zinc pigments, 

3. Iron pigments, 

a fourth group consisting solely of graphite. chief 

representatives of the three groups in (piostion being : 

Lead group : Eed lead (minium), whiter lead, 

Zinc group: Zinc white, zinc grey, lithopone (pin’inanont 
white, zinc sulphide white), calamine white, niilh'd zinc oris, 
zinc siheate. 

Iron group : Native oxides of iron, such as colcothar, lairnt 
ochre, iron minium, scaly iron oxides, artificial iron o.vidcH, 
Caput mortuuni — this lattor body lining friujiumtly sold as 
colcothar. 

The Carbon group is represented by grajdiitc as the 
pnncipal constituent of a pigment, with vegetable charcoal 
or lamp black as auxiliary. 

Before proceeding to the further consideration of the 
suitability of the various pigments for aiiti-corroKivc* jiaintH it 
will be necessary to briefly describe the pigments tlu^iiiHelvi's. 

1. Lead Pigments, 

(a) White lead — The basic carbonate of lead or wliib* lead 
— usually called ‘'lead oxide” m Germany and Hwitzerland ■ 
has approximately the formula 2 (Pb 003 ) PblfoCL. It is pre- 
pared from metallic lead in three dilTovcmt ways : by the 
Dutch method; the chamber or Austrian mi'tbod ; and by 
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the wet or French method, wherein the cax'bonate is pre- 
cipitated by carbon dioxide from a solution of lead acetate. 
Latterly, attempts have also been made to prepare it by 
electrolytic means. The covering power of the product so 
obtained by these methods varies, owing to differences in 
structure. 

Good white lead is pure white, heavy, and readily pulveru- 
lent; insoluble m water, but soluble in caustic potash or 
caustic soda, and also dissolving, with effervescence, in nitric 
acid or acetic acid. In boiling hydrochloric acid it dissolves, 
but, on cooling, the solution deposits fine needles of lead 
clilonde, soluble m boiling water. Solutions of white lead in 
acetic acid yield a black precipitate of lead sulphide with 
sulphuretted hydrogen or ammonium sulphide, and a white 
precipitate of lead sulphate with sulphuric acid. Neutral 
solutions give with potassium bi-chromate a yellow precipitate 
of lead chromate (chrome yellow). When heated to 400° 0. 
the carbonate parts with its carbon dioxide and water, lead 
oxide being left as a residue. 

The quality and appearance of the product vary according 
to the method of preparation employed, the Dutch process 
yielding a very heavy grade of inferior colour but considerable 
covering power, whilst the French process (precipitation 
method) gives a very white product of infonor covering 
power. - 

The difference in covering power of the various grades 
of white lead is due to differences in the size of the aggre- 
gates. The precipitated white lead of low covering power 
is loose, coarse grained, and not infrequently crystalline. 
That obtained by the Dutch method is denser and fine 
grained ; whilst the French article is crystalline in structure. 
In point of covering power, therefore, white lead is inferior 
in proportion as its crystalline character is more decided, 
which will be the case when the proportion of lead carbon- 
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ate has been considerably increased during the process of 
manufacture, this compound being capable — apart from its 
great hardness — of rendering the white lead unfit for use. 
An excess of lead carbonate also tends to produce greyness. 

The principal adulterant of white lead is Barytes (natural 
or artificial barium sulphate — permanent white). Pure white 
lead should dissolve completely in dilute nitric acid (1 : 2 
water). The nitric acid must, however, be chemically pure, 
and free from hydrochloric or sulphuric acid, since the former 
would produce the almost insoluble chloride, and the latter 
the insoluble sulphate ; it must also be dilute. 

On the addition of sulphuric acid the insoluble lead 
sulphate is thrown down ; after removing this by filtration 
the filtrate should afford no precipitate, or even turbidity 
with ammoma, ammomum sulphide, or ammonium oxalate. 
A white precipitate occurring on the addition of ammonium 
sulphide indicates the presence of zinc white, whereas a white 
precipitate produced by ammonium oxalate reveals added 
chalk If the white lead did not entirely dissolve in dilute 
nitric acid, the insoluble matter probably consists of barium 
sulphate, in which lead sulphate, China clay (kaolin), gypsum, 
strontium carbonate and strontium sulphate scarcely ever 
occur as adjuncts. The residue on the filter is boiled with 
strong hydrochloric acid and set aside to cool, the precipi- 
tated lead chloride being then filtered off and the filtrate 
tested with barium chloride , a white precipitate is formed if 
lead sulphate be present. Another part of the filtrate is 
diluted and treated with gaseous sulphuretted hydrogen, 
which throws down the lead sulphate in the form of sulphide. 
This being filtered off, the filtrate is boiled to expel the 
sulphuretted hydrogen, and, after re-filtenng, treated with 
strong ammonia. A white precipitate of alumina indicates 
China clay. This is separated by filtration and the liquid is 
tested with ammonium carbonate, which in presence of 
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gypsum or chalk forms a white precipitate. A small portion 
■of the residue insoluble in hydrochloric acid is taken up by a 
platinum loop and held in a Bunsen flame; a green coloration 
indicates barium, and a red one strontium. 

(6) Bed lead (minium ; lead tetroxide). — The true funda- 
mental constituent of red lead is the tetroxide Pba 04 , but the 
■commercial product contains, in addition, more or less lead 
monoxide (litharge). It is prepared by roasting metallic lead 
into the monoxide litharge, and converting the product into 
minium in calcining ovens. Bed lead intended for paints 
must be free from metallic lead, since the presence in the 
latter of impurities, such as antimony, copper, iron, etc., 
would spoil the colour of the paint when dried. 

Minium is a heavy, red powder, approximating in shade 
to orange, and having a specific gravity of 8*3. It darkens 
when heated, but resumes its original colour on cooling. 
Acids attack it to a greater or smaller extent, but when in 
use as a paint it is very fast to light and the effects of the 
weather; neither is it attacked by moisture. It cannot, 
however, be used where sulphuretted hydrogen gas is evolved, 
since this gas turns the colour brown to black, in consequence 
of the formation of the sulphide. Eed lead is seldom adult- 
erated, the only substance used for this purpose being red 
iron oxide. 

Pure, concentrated nitric acid decomposes red lead, and 
should form a colourless solution when water is added. A 
yellow coloration indicates iron, which may be confirmed by 
the formation of a blue precipitate with poiassiuin ferro- 
•cyanide after dilution. 

Insoluble matter, such as l)rick dust and the like, is left 
.as a residue and may be examined further. An addition of 
barytes reduces the colour of red load. 

To deterimne its purity, 2 grams of the red lead to be 
tested are dissolved in concentrated nitric acid, and, after 
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diluting and filtering, the whole of the lead is thrown down 
by sulphuric acid in presence of a little alcohol. The pre- 
cipitate is washed with water on the filter, and, when dried ^ 
is calcined m a crucible, being thereafter cooled in a desiccator 
and weighed The resulting weight, multiplied by 0 955, 
gives the amount of pure red lead. The liquid filtered from 
the lead sulphate precipitate may be tested for iron. 

Red lead can be detected in mixed paints liy the dark 
brown coloration it gives with dilute nitric or acetic acids,, 
and by answenng to the characteristic tests fiir this luotal — 
white precipitate with sulphuric acid and a yollow one with 
potassium iodide. 

In a pamphlet by G. W. Thompson, issued by the National 
Lead Company of the United States, it is stated that true rt'd 
lead should contain approximately 100 per cent, of Pbj,Ot and 
little or no litharge, commercial red leads, however, contain 
anything from 70 to 95 per cent, or even a little higher, the 
remainder being htharge. The presence of litharge in j-ed 
lead must not be regarded as adulteration but rather as 
evidence of faulty manufacture. He states that highly oxid- 
ised red lead is finer than that containing litharge, keeps its 
colour better, and is a better preservative against atmospheric 
influences ; besides a paint made from it will spread further 
and still give excellent results although the coating is thinner 
than could be obtained with a paint containing the more 
gritty litharge. In the tests carried out on the Havre do 
Grace Bridge by the Amencan Society for Testing Materials, 
the three best results were obtained witli paints consisting 
entirely or almost entirely of red lead, those coming neanmt 
to them containing some red lead, while those which had least 
preservative action contained no red lead. The best result of 
all was obtained with a paint the pigment in which contairufl 
96 9 per cent of red lead, in the second the pigment con- 
tained 88-5 per cent, of red lead, whilst in the third best tluv 
pigment consisted mostly of red lead. 
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Mr. H. Gardner, Director of the Scientific Section of the 
Educational Bureau of the Paint Manufacturers’ Association, 
in a Bulletin (No. 52) on Marine Paints states, however, that 
in priming paints for ships the red lead should not be pure, 
but should contain a percentage of litharge (10 to 15 per 
cent), which combines with the oil to form a cement-like 
compound of linoleate. This is also the view put forward by 
Dr. John A. Schaeffer in a paper read before the Pennsyl- 
vania State Convention of Master House Painters and Deco- 
rators in 1917, in which he criticises the results obtained in the 
Havre de Grace Bridge tests, showing that the proportions 
of oil and pigment in the two red lead paints varied very 
materially, and that when these were kept constant the 
best results were obtained with the lower percentages of red 
lead. In a series of tests carried out at the Institute of 
Industrial Besearch, Washington, in 1911, all variables were 
as far as possible eliminated, with the exception of the true 
red lead content as far as this was compatible with the 
physical structure of the pigment employed. The paints 
tested were as follows: — 


Puuul 


PbaOj 

Pimneut 

Liuaeod Oil 

Weight per 

No. 

Pigmeut. 

Content. 

m Point. 

m Paint 

Gallon In lb. 

1 

Rod load 

86 per cent. 

80 

20 

27 

2 


88 „ 

80 

20 

25 

8 


90 

79 

21 

26 

4 


98 „ 

78 

22 

24 

6 


96 

80 

20 ' 

27 

G 


99 „ 

72 

28 

21 

7 

Rod lead in paste form 

90 

— 




_ — - — 






After two years’ exposure an examination showed that 
Nos. i, 2, and 3 were in the best condition, corrosion being 
absent and thci original red colouj’ of the paint retained. Nos. 
4, 6, (), and 7 are lighter in colour due to disintegration of the 
surface film and formation of lead carbonate due to the action 
of the carbonic acid in the atmosphere 
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iad Company of the United States, it is stated that true red 
jd should contain approximately 100 per cent, of PbgO^ and 
tie or no litharge ; commercial red leads, however, contain 
ything from 70 to 95 per cent, or even a little higher, the 
nainder being litharge. The presence of litharge in red 
jd must not be regarded as adulteration but rather as 
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Mr. H. Gardner, Director of the Scientific Section of the 
Educational Bureau of the Paint Manufacturers’ Association, 
in a Bulletin (No. 52) on Marine Paints states, however, that 
in priming paints for ships the red lead should not be pure, 
but should contain a percentage of litharge (10 to 15 per 
cent), which combines with the oil to form a cement-like 
compound of linoleate. This is also the view put forward by 
Dr. John A. Schaefler in a paper read before the Pennsyl- 
vania State Convention of Master House Painters and Deco- 
rators in 1917, in which he criticises the results obtained in the 
Havre de Grace Bridge tests, showing that the proportions 
of oil and pigment in the two red lead paints varied very 
materially, and that when these were kept constant the 
best results were obtained with the lower percentages of red 
lead. In a senes of tests carried out at the Institute of 
Industrial Research, Washington, in 1911, all variables were 
as far as possible eliminated, with the exception of the true 
red lead content as far as this was compatible with the 
physical structure of the pigment employed. The paints 
tested were as follows: — 


Panel 



Pigment 

Linseed OU 

Weight per 

No. 

Pigment, 

Content. 

m Paint. 

in Paint. 

Gallon in lb. 

1 

Bed lead 

80 per cent. 

80 

20 

27 
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88 

80 

20 

25 

.S 
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79 

21 

28 
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98 

78 

22 

24 
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96 „ 

80 

20 

27 
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99 „ 

72 

28 

2i 
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Bod load in pas bo form 

99 


“ 



After two years’ exposure an examination showed that 
Nos. 1, 2, and 3 were in the best condition, corrosion being 
absent and the original red colour of the paint retained. Nos. 
4, 5, 6, and 7 are lighter in colour due to disintegration of the 
Kurfiicti film and formation of lead carbonate due to the action 
of the carbonic acid in the atmosphere. 
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It IS interesting to know that the specifications for tlio U.R. 
Navy are now altered, the requirements being for red load 
that it should contain 82 to 88 per cent, of PbaO, insic'ad of U 1 
to 97, which up to recently had been the percentages fixi'd. 
The Public Service Corporation specify to *.)() per cent, of 
Pb304 in their contracts. 

It 18, however, clearly stated by the above author that the 
litharge present in Pb304 should be there iwr .sv and not as an 
added constituent, as in the latter case it would be found to 
lead to serious trouble. Dr. John A. Schaeffer, in his jiajicr 
read before the Pennsylvania State Clonvention of Master 
House Painters and Decorators, refers to sublimed bliu' lead 
as an excellent pigment for use in paints for protc’ctive pur- 
poses, instancing in its favour, liigh basicity, e.'cci'ptional 
durability, extreme fineness and Hinootluiess, easy brushing 
and spreading, remarkable opacity, and elasticity and tough- 
ness in oil. 

2. Zvic Pigvicnts. 

(a) Zinc white, zinc oxide, is non-poisonous and is un- 
acted on by sulphuretted hydrogen. It is prepared by lieat- 
ing metallic zinc to pale red heat in retorts, whereupon tlie 
metal volatilises and the vapours ignite, forming zinc oxide. 
It may also be prepared by tlie wet method, by decomposing 
a salt of zinc. The product oblaiiind from zinc ores is seldom 
pure, but mostly contains variable quantities of (iiidmium, 
which considerably modifies tho purity of tlu' colour. 

Zinc white is a white, loose powder, devoid of smell or 
taste, and with a decidedly bluish tinge. It tlissolves to a 
clear solution in acids, strong ammonia, and alkalis, and 
resists the influence of atmospheric air and light, as well as 
sulphuretted hydrogen and sulphurous gases, with wliicb it 
forms white, colourless compounds. It is the.vi'forc highly 
suitable for use as a pigment. 

The commercial article should contain not more than 2 
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per cent, of moisture. This can be determined by drying a 
weighed quantity at 100“ G. Barytes and China clay are the 
^idulterants employed, and the water content is often artifi- 
cially increased — m order to cheapen the product — to as much 
as 10 per cent, by dampmg it with glycerine. 

Zinc white ought to dissolve to a clear solution in nitric 
acid, with only a trace of effervescence ; a residue will indicate 
the presence of barytes or China clay. The first-named can 
be detected by its high specific gravity, but gives no colora- 
tion to the Bunsen flame ; whereas China clay imparts a 
yellowish-green tinge to the flame. On boilmg the residue 
with concentrated sulphuric acid for some time barytes re- 
mains uudissolved, while China clay passes into solution. On 
■diluting the filtrate, after coohng, and then adding ammonia, 
11 white precipitate of alumina indicates China clay, barytes 
giving no precipitate. Effervescence during solution indicates 
that the zinc white probably contains lead carbonate or zinc 
■carbonate ; in the latter case the solution will turn brown to 
black on the addition of sulphuretted hydrogen, or a similarly 
•coloured precipitate will be formed. On neutralising the 
nitric solution with ammonia the whole of the zinc can be 
thrown down by ammonium sulphide (the precipitate must 
bo white, otherwise the presence of extraneous metals is 
indicated) . The resulting filtrate should give no precipitate 
with aiuinoiiium oxalate, otherwise gypsum or whiting will 
be indicated, 

{h) Zinc grey is a by-product of the manufacture of zinc 
white, being zinc oxide contaminated with metallic zinc and 
carbon, which latter substance it leaves behind as a residue 
when dissolvcid in hydrochloric, nitric, or sulphuric acid. The 
solution gives a white precipitate with potassium sulphide or 
4 iininonium sulphide, after neutralisation with ammonia or 
tin alkali carbonate. Zinc blende (ground) is often met with 
in commerce as zinc grey. 



170 IllON-COlinoSION and anti-cobbobive paints 

(c) Lithopone, porinaiieiit white, patent zinc white, sul- 
phopono, emuiiol white, zinc-sulphide white, Charlton white, 
Griffiths patent zinc white, principally consists of zinc-sul- 
phido, with an admixture of “ blanc fixe ’’ (banum sulphate). 
It is prepared liy the wet method by mixing zme sulphate,, 
amnioniuui sulphide, and barium chloride, all in a state of 
solution. Lithopoiu' vanos according to the method em-^ 
ployed in its production, and does not form any uniform 
chemical compound. It is im))orfectly soluble in acids, and 
when treated with hydrochloric acid the clear portion of 
the solution gives the reactions for zinc, in addition to which 
calcium and magnesium can also be detected therein if present. 
Barium is present in the residue. Used alone zinc sulphide 
possesses good body, but is not cpiite pure white m colour, to* 
remedy which defect it is mix(‘d with other white pigments. 

8. Iroji rUpments. 

The basis of all iron pigments is iron oxide. In the con- 
dition of hydrate it forms the colouring matter of ochre, 
Riena, umber, otc., all highly appreciated pigments, not merely 
on account of tlnnr durability and permanence in air and 
light, but also by reason of tlu^ extremely wide range of shades, 
they produco. Iron oxide is frixpiently found native in large 
quantities in the form of bmniatite, limonite, etc., though 
never in a perfectly pure condition. Of the three chemically 
different oxidi's of iron, tbc^ peroxide FegOg (ferric oxide) is. 
tlio most pUmtifiil in naiuni and the purest form of the ore, 
and is used for the prodiuition of metallic iron. In the 
amorplious state it is for tlu^ iiiost part accompanied by clay 
and the like, on which account tho mixtures appear suitable 
as pigiuenLs and are frctpiently iiwed as such. The colour of 
tlu^se natural mixtures ranges lu'twoen dark red and black. 
When in the condition of hyclrato, as limomte or yellow 
ochni, the colour is l)rownish to yollow-brown. 
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The pure peroxide of iron is readily soluble in acids, 
especially in concentrated nitric acid, or a mixture of nitric 
and hydrochloric acids {aqua regia) ^ but less easily so in sul- 
phuric acid or dilute nitric acid, compounds of iron being 
formed. 

The various natural peroxides of iron differ in their degree 
of solubility, some dissolving very readily, others are ex- 
tremely difficult to bring into solution, while others again are 
quite in soluble. It is only after exposure to the air for some 
time that any change occurs m the solution. If a solution of 
a ferric salt is treated with caustic potash, strong ammonia^ 
or caustic soda solution, ferric hydrate is thrown down in 
the fonn of a brownish-red precipitate Fe 2 (HO)fl, which loses 
its water of hydration on heating and is converted into red 
ferric oxide, Ferro-femc oxide, FejO^, occurs in large 

quantities in nature as magnetic iron ore or magnetite, and 
is used in making iron It is very difficult to dissolve in 
acids, the solutions containing ferrous and ferric salts. 

The pigments known as the iron colours are, as already 
stated, prepared either from the native oxides, or by chemical 
means, and of course differ in composition ; that is to say, 
they are all iron oxides containing varying proportions of 
other substances which exert considerable influence on their 
applicability. 


{a) Natural Iron Pigments, 

(i.) Iron M mimi,— This is a dark -red to red-brown pro- 
duct, of iQctallic lustre, consisting of a mixture of haimatite 
and varying proportions of alumina, the percentage of iron 
oxide attaining as much as 88 per cent , and even 90 per cent* 
For the production of iron minium the iron ore, in a roasted 
or unroasted state, is broken down and levigatod, the washed 
mass being then air-dried, calcined in iron drums, ground 
to fine powder, and sifted. Usually pure, highly ferruginous. 
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lumps are picked out and thoroughly roasi('(l in a funuici', to 
drive out the water of hydration, tho ore thou rnnning a 
reddish-blue mass when cold. So prepared, the orti ih lak(‘n 
to the stamping mill, the trough of which contaiuH water to 
a depth of some thirty inches. A continuous supply o[ watta- 
is provided, the overflow running off through the ovotIIow 
pipe m a reddish stream, discharging into a ehaiim‘1 al)oiil 
twenty-five feet long, which conducts the water, with its 
content of suspended particles of iron oxide, into large std.t- 
ling tanks, where the water soon clarifies and wht^iuic^ it runs 
away clear. The heaviest particles of tlu^ crushed oro and 
the coarser granules are deposited iii the cluiniud, and these, 
after being ground in a roller mill, are mixed with water and 
■conducted to the settling tanks ; the rosulting coarsti d(»pf)sit 
consists for the most part of fine (|uart:^ granules, whieh is 
removed The very fine mass in the tanks is drii'd so as to 
contain not more than 3 to 4 per cent, of water, tluj rc'sulting 
lumps being ground fine, sifted, and converted into dust. 
The product is a dark-red impalpable powder, consisting of 
iron oxide with more or less clay up to as much as 25 })er 
cent. 

(ii.) Iron Oxides of Scaly Appearanciu — ^J’luise are of ii 
special character, resembling mica in apiiearaneo, laMiig ob- 
tained from iron ores, such as rod ironstone, lueiualitn, 
and specular iron ore. For somo years ^last tlu^y havt' been 
employed in the preparation of anti-corrosive paints. 

Eed ironstone, hoomatite, and specular iron on', whicli 
all consist of iron oxide, occur more frecpiontly iiiul in more 
varied forms than the magnetic ore. 'J'hey are found in the 
crystalline state (iron-glance) us hexagonal rhomlioidibl erys- 
tals, the ground plan of which is u iKxxahednil rliumhoid, 
with terminal angles of 9G^ It also forms tabular cvystalH 
with alternating inclined lateral facets, whilst in otln^r cases 
the edges are sharp owing to the cumjunctioii of tint ImisuI 
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surface with a hexagonal pyramid, which on the other hand 
IS combined with the fundamental form, the basal surface, 
and other forms. The simplest plates, such as those which 
form, by association, the so-oaUed “ iron roses ” found at St. 
Gothard, have perpendicular lateral facets through a hexa- 
gonal pnsm. The forms assumed by the combinations are 
highly diversified, the crystals being mostly fully developed, 
and single or in groups, frequently they occur as dense 
masses, with a foliaceous to scaly, granular, and columnar 
to fibrous structure, the granular form in particular passing 
over into a dense mass through progressive decrease in the 
size of the individual crystals. The lamellar aggregations 
also form shaly masses, iron-glance shale, whilst the lamellar 
crystals are also termed iron-glance or micaceous iron on ac- 
count of their resemblance to mica. Haematite occurs m 
this form ingrown in various kinds of rock, whilst very fine 
scales arc found as an incrustation, and are termed “iron 
roses ”. The fibrous form occurs as globular concretions 
(bloodstone or kidney iron ore) , and finally there is the earthy 
form (red ochre or ruddle), in which case the hsematite is 
usually impm'e, containing an admixture of clay. 

Decidedly crystalline in form, htematite exhibits imper- 
fect cleavage parallel to the fundamental structure and the 
basal surfaces; is iron-black to dark steel-grey in colour, 
with a metallic lustre, opaque, and with a dark-red streak : 
as such it is termed iron-glance or specular ore. The 
lamellar form has the same appearance, but its very thin 
lamellm are a transparent blood-red and also red externally. 
In the granular crystalline to dense forms the colour is red- 
dish-grey to blood-red, as is also the case with the fibrous 
form, the streak being blood-red, but the lustre only semi- 
metallic. The earthy form is blood-red and dull. , 

Hardness = 5-5°; specific gravity = 5 to 5'2. 

The composition is represented by the symbol PejOs with 
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70 per cent, of iron and 30 per cent, of oxygen Occasionally 
a little titanic acid is present, which, combined with iron 
oxide, as PeO, TiOg, replaces small quantities of the oxide, as 
in the so-called “iron roses,’' on which account these latter 
are distinguished .from haematites and termed “ vasomelan," 
their streak being only reddish-black to black. It is infusible 
before the blowpipe, and becomes magnetic in the reducing 
flame. When heated with borax and phosphates it behaves 
like magnetite, giving a strong iron reaction ; in the form of 
powder it will dissolve in acids, especially after prolonged 
boiling. 

Hasmatite is of very frequent occurrence, the dense masses 
forming one of the best ores of iron, being always utilised for 
the production of the metal, by smelting, wherever met with 
in sufficient quantity. 

To the haematite group belongs also the octahedral martite 
found in Brazilian micaceous iron shales, and forming a 
pseudometamorphic magnetite. This, though black in colour, 
leaves a red streak. 

With regard to the differences between the materials 
yielded by iron-glance and micaceous iron ore, the following 
particulars may be given :• — 

When individual scales of the two ores are examined 
under a microscope (100 diameters) they will be found to ex- 
hibit by transmitted light the fine reddish colour proper to 
hesmatite, whilst by reflected light the iron-glance is mor(i of 
a steely-grey, the coarser particles preventing the transmis- 
sion of light under these conditions. 

The colour of the scaly forms of iron, oxide is various, 
ranging from silver-grey to iron-grey, sometimes reddish, in 
which case the colour of the powdered substanco is more 
of a violet-brown red. They consist of silica, alumina, iron 
oxide, traces of phosphoric acid, manganese protoxide, lim( 3 , 
magnesia, alkalis, and water. 
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(ili.) Spathic Iron Ore {spherosiderite, or white iron ore), 
— The finely ground mineral is met with m commerce as a 
pigment for anti-corrosive paints, under the name of mon- 
tanite. 


(6) Artificially prepared Oxides of Iron, 

These pass under various names — such as Gaput 
mortuum, English red, Prussian red, brown-red, Prague red, 
oolcothar, jeweller’s rouge, etc. — and are prepared either by 
the wet or the dry method. In the former, iron pyrites is 
roasted and then kept in a moistened condition for a long 
time, ferrous sulphate being formed by oxidation; the re- 
sidual iron oxide is then merely subjected to calcination. A 
good deal of Gaput mortuum is produced by calcining alum 
refuse, or vitriol refuse. In the wet process the iron oxide 
obtained by precipitation from solution is mostly converted 
into the red modification by calcining the precipitate. 

Usually neither the native nor the artificial iron oxides 
are chemically pure compounds, but contain, in addition to 
the main constituent, such other bodies as clay, silica, gypsum, 
■etc. Moreover, the pure iron oxide is not what is required 
as pigment, the presence of one or more foreign substances 
being frequently essential to the production of the desired 
shade of colour. 

The percentage of moisture in iron oxide pigments is de- 
termined by drying a weighed quantity of the pigment at 
120" C. in a drying oven until constant. The water of com- 
bination is then estimated by heating the dried substance to 
redness for an hour in a tared porcelain crucible, and weigh- 
ing after cooling in a desiccator. The united results give 
the total amount of water present. To ascertain the other 
■constituents of the substance 6 grains are treated with aqua 
regia until fully dissolved, the whole being then evaporated 
to dryness, treated with dilute hydrochloric acid, and filtered 
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into a half-litre flask, the residue on tlio filter wiihIumI with- 
water, and the eontenls of the flask made* up io tlu^ mark, 
Tho filtrate is employed for further iiivorttif^^ation, whilst tlu* 
insoluble residue, which consists of silica, is dried and wtui^lu^d 
if desired. 

Iron is estimated by ncutmlisinp tiOO c.c. of the filtrate 
with sodium carbonate, boilinj^ with an addition of ainiiiou- 
iimi acetate, and filtering, washing, drying, and weighing the 
resulting precipitate, which consists of iron oxide and alumina. 
On heating the filtrate from this last nuiction witli a fifth’ 
ammonium sulphide, mantjancse is thrown down and can U' 
separated by filtration, washed, dried, and weighed in ilie 
usual manner. From the filtrate calcium is precipitated by 
ammonium oxalate, and, after removal by liltratioii, vmijucHin 
may bo thrown down from the liquid by sodium phospliaLt* 
The amount of iron may be determined volumetrically in tlu* 
original solution, and the resulting weight lieing d(‘duete<i 
from that obtained by precipitation gives alumina hy dilVer- 
ence. To estimate auJphaiei; 100 c.c. of tlie original solutum 
are treated with barium chloride, the precijiitati'd hanuin 
sulphate being weighed, and tlie amount of sulphuric acid 
found by calculation. 

4. Carhun, 

Graphite (hlacklead or plumbago) is a mon* or li^ss impure 
form of carbon, occurring in iiTogular, hlackiHli-gn*y, lustrous 
masses, which leave a black mark on the fingers or on paper, 
are greasy to the touch, and are easily conwu’ted into ]»o\\ih‘r. 
The density depends on the dogroe of ])urity, varying fit*- 
tween 2'08 and 2-50. In practice a sharj) line of (listiiu*ti(ui 
is drawn between amorphous and foliaceous graiihite, lut- 
cording to colour and covering jiower, thi^ amorphous nr 
puriliod form being the only kind referred to in speaking i>r 
the use of graphite in paints, l^atterly, a maker of anti- 
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■corrosive paints has taken to employing graphite in scales, 
analogous to the scaly oxides of iron. Before use the native 
article is purified by levigation and chemical treatment, the 
earthy impurities being removed by the former process, 
whilst in the chemical method the graphite is extracted with 
sulphuric acid and nitric acid, or by heating with potassium 
chlorate and sulphuric acid so long as fumes of chlorine are 
evolved. 

Eunge recommends stirring up the levigated graphite 
with sufficient concentrated sulphuric acid to form a thin 
pap, the mixture being then left to heat, and washed with 
water after a lapse of thirty-six hours. The manufacture 
of ferrous sulphate can be pursued in conjunction with this 
method of purification 

Purified graphite is entirely impervious to the influence 
of any acid whatsoever. 

Applicability op Various Pigments as Anti-corrosive 

Paints. 

In previous sections the whole of the pigments employed 
in anti-corrosive paints have been dealt with, and it remains 
therefore only to consider their suitability for this particulaiT 
purpose. It has already been mentioned that very divergent 
opinions prevail with regard to red lead and iron oxide in this 
connection, and the same may also be said of the pigments 
used as covering paints. One side champions the employ- 
ment of lead paints (white lead), while another advocates 
zinc white, and a third upholds iron oxides as the best for 
anti-corrosive paints, a fourth party rejecting the latter pig- 
ments altogether, on the erroneous reasoning that iron oxide 
is itself iron rust, and must therefore necessarily engender 
rust. All, however, agree on one point, viis : That the pig- 
ments must be permanent, and even acid-resisting. Never- 
theless, when the aforesaid pigments are tested, it is found 

12 
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that only a single one out of the whole is really acid-resisting 
— all the others dissolving more or less completely in more 
or less concentrated acid. The sole acid-resisting pigment is 
graphite, this being the one least generally used — probably 
because of its dark colour. 

Let us compare the opinions expressed with regard to the 
vanous pigments. 

On the lead pigments in general — red lead excepted — 
Landolt says “ These pigments, with few exceptions (chrome 
yellow), contain a basis of white lead. The usual additions 
for toning or adapting the pigments to various purposes 
being black mineral and vegetable colours, such as mineral 
black, vine black, lampblack and graphite ; other toning 
colours being ochre, earthy colours and iron pigments. The 
barytes, chalk, etc., used for loading should not occur at all 
— except in minute quantities — in good paints for which 
normal prices are paid. The anti-corrosive paints with a 
basis of lead are put on the market under various names, 
such as diamond paint, silver-grey, metal-grey, iron-grey, etc. 
The general characteristics of this group of paints, when 
properly compounded, are : good covering power, durability, 
and capacity for resisting acids, though they exhibit a tend- 
ency to darken with age. They can be recommended where 
smoky fumes are prevalent.” 

Simon says of the lead paints : “ White lead forms an 
excellent pigment owing to its great adhesive and cover- 
ing power, though it is readily darkened by exposure to sul- 
phm’etted hydrogen, and is subject to further chemical 
changes on account of which the coating of paint requires fre- 
quent renewal. As a bottoming paint for iron, white lead 
is inefficient, but when applied over a coating of red load it 
answers fairly well, even for marine work. The principal 
defects of the lead pigments are to be sought in the readiness 
with which they decompose the varnish. With the same 
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rapidity with which oils and lead pigments saponify and — in 
the case of drying oils — produce very hard drying paints, 
proceeds the further decomposition of the vehicle, the ori- 
ginally elastic skin of paint becoming brittle and cracked 
through the formation of lead linoleate, which being crystal- 
line causes the smooth, tough surface of the paint to change 
to a rough appearance Ah-eady in three to four months’ 
time crystals can be detected by the magnifying glass, and 
subsequently the lead linoleate is converted into brittle 
linoxyn, whereby the anti-corrosive paint is caused to crack 
and leave the underlying iron a prey to rust. This tendency 
is more particularly noticeable in varnish boiled with litharge, 
being leas observable in lead-free varnish (manganese var- 
nish) , provided the pigment is also free from lead. In this 
case manganese linoleate, an elastic compound which only 
gradually changes into linoxyn, is formed, and it is not 
until eight or ten months have elapsed that recognisable 
traces of decomposition of the paint can be discerned by the 
glass.” 

According to Landolt, the zinc paint group as a rule 
take up more oil than the lead pigments. The following 
bodies are used as a basis : zinc white, zinc grey (by-pro- 
duct in zinc white manufacture), calamine — either ground 
alone or in combination with mineral bodies (silicates) — ^litho- 
pone permanent white, zinc sulphide white. As regards 
the substances used for loading and toning these pigments, 
they are in both cases the same as those employed with leadi 
pigments. The paints of this group are generally met with 
in commerce under the names : Platinum paint, Bessemer 
paint, silicate paint, or adamantine paint, and when properly- 
compounded yield good results. 

The general characteristics of zinc paints are good cover- 
ing power and great durability — ^provided the constituents 
are properly compounded. The acid-resisting properties are 
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poor to good, according to the composition ; the tendencj 
to darken is but slight, and they can only be recommendec 
for use wherever smoky fumes are not in question, unles* 
the paint possesses good acid-resisting properties. 

With reference to the use of zinc dust, ground zim 
ores, as a pigment for anti-corrosive paints, Spennrath state 
that “ this application of the powder is no novelty, though i 
new name has been given to the material and it is no^ 
termed metal paint. Many years ago zinc dust was use< 
as the pigment in the so-called galvanic paint, which mixtur 
of oil paint and zmc dust was proposed as a substitute fo 
coating iron with zinc by the galvanising process, it bein 
assumed that the zinc would form a rust-preventing galvani 
couple with the iron. The result was, however, failure, an 
the circumstances soon fell into oblivion. Now, zinc duE 
reappears on the scene as metal paint for which it is claime 
as a predominant quahty that hydrogen is liberated whicl 
in the nascent state, reduces rust to ferrous oxide or maj 
netic oxide, so that the paint is not merely rust preventin 
but also rust destroying. The experiments made to demoi 
strate such liberation of hydrogen prove nothing, since tl 
gas in question can only be Uberated by zinc when in conta( 
with water, a condition impossible of fulfilment when tl 
metalhc pigment is ground along with linseed oil or a vehic 
insoluble in water.” 

Spennrath says further that “ at the instant hydroge 
is liberated the zinc will have ceased to be in the metall 
state and vnll be in the condition of oxide. To liberate 
gram of hydrogen necessitates the consumption of >32 
grams of zinc and their conversion into 40 ‘7 grams of zii 
oxide, which occupies just as much space as the metallic zi] 
from which it originated. Now it is claimed that tl 
liberated hydrogen destroys pre-existing rust by convertii 
it mto ferrous oxide. Both ferric oxide and ferrous oxide a 
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compounds of oxygen with iron, the former containing 30 
per cent, and the latter 22 per cent, of oxygen ; consequently 
to convert ferric oxide into the ferrous form it must be de- 
prived of oxygen, an operation known as reduction, the active 
body therein being termed a reducing agent. When hydrogen 
reduces ferric oxide, it deprives the latter of oxygen, with 
which it combines itself to form water. This is, however, 
not the sole water which would make its appearance during 
the assumed action of hydrogen, iron rust containing 25*2 
per cent- of chemically combined water ; and as the ferrous 
oxide formed from the rust cannot fix more than 20 per cent, 
of water there would be produced altogether about 15 per 
cent, of free water — calculated on the weight of the rust. 
Consider, now, what would happen on the conversion, in the 
manner described, of the rust underneath a coat of paint. 
The resulting water must find a way of escape, and would 
simply burst away the impenetrable paint. Moreover, the 
vaunted conversion of iron rust into innocent magnetic oxide 
of iron would be useless [reason not stated].” 

The same authority also avers that “zinc dust has no 
greater durability than zinc white in paints for open-air use, 
the reasons for which may be readily gathered from the 
changes suffered by all zinc articles exposed to the weather. 
These soon become covered with a layer of zinc carbonate, 
the same would happen to zinc dust, the more readily on 
account of its fine state of division and the consequent 
incomparably greater amount of surface exposed than in 
the case of a smooth face of metal. The result is that the 
individual particles of the powder are not merely covered 
with a skin of zinc carbonate, but are entirely converted into 
that substance. What this implies will be more clearly 
evident from the following calculation : 65 grams of zinc 
produce 126 grams of zinc carbonate. Now, whereas the 
specific gravity of metallic zinc is 7*2, that of the carbonate 
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is 4*44 ; and hence, while 65 grams of zinc occupy a space 
of |A. = 9*02 C.C., 125 grams of zinc carbonate occupy = 
28*1 c c. In other words, metallic zinc increases in volume 
threefold during its conversion into zinc carbonate. It is 
easy to imagine what will happen when this conversion and 
expansion of the pigment goes on in an already dry and hard 
oil paint. What would be the fate of a wall of masonry if 
every brick were to expand on all sides at once ? 

“ Zinc white is much more durable for indoor work, since, 
although carbon dioxide may be also present in the air of 
rooms, a neceasaiiy adjunct for the conversion of the metal 
into zinc carbonate — water — is here lacking, carbon di- 
oxide having no action on dry zinc white. If an oil paint 
containing zinc dust, zinc white, or zinc grey, does not de- 
compose in a few days when exposed to the air, no thanks 
are due to the stability of the pigment, but rather to the 
protective influence of the resinified oil enveloping every 
particle of the colouring matter. Even this protection is 
not permanent, and consequently the destruction of a zinc 
grey (zinc white) paint in the open air is a foregone con- 
clusion ” 

(With regard to the incorrectness of this latter assump- 
tion, see p. 187.) 

The iron group of paints is characterised by Landolt in 
the following terms . “ This class comprises iron minium, 
colcothar, Venetian red, and the so-called scale armour 
(‘ Panzerschuppen *) paints. Under no circumstances should 
they contain filling or loading substances, such as barytes 
chalk, kaolin, and the like, A distinction is drawn between — 

“ {a) Paints of predominating earthy-pigment character 
and pulverised amorphous basis, such as iron minium, col- 
cothar, Venetian red, etc. When properly made they cover 
well and are durable, but not acid resisting. 

“ (6) Paints of crystalline character, such as the * Panzer- 
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fichuppenfarben * (scale armour paints). These, when properly 
compounded, cover well, and form very durable acid-resisting 
paints.” 

According to Simon, ** the iron oxides used, under various 
names — iron red, colcothar, Caput omrtuum, etc. — in paints 
are inferior to red lead, especially for first coats on ironwork, 
requiring more frequent renewal, on which account they 
cannot be classed among the pigments for ‘ durable oil paints 
Exceptions to this rule are to be found in a rich iron minimu 
containing 97 per cent, of ferric oxide, and a fine-scaled 
micaceous iron ore, which repeated tests have shown to be 
at least equal to red lead. By reason of their high covering 
power, which is eight to ten times greater than that of red 
lead, and the scaly nature of the micaceous ore, these two 
have been used for some years with advantage for bottom- 
ing on ironwork.” 

With reference to the use of iron minium in France, 
Balat remarks tliat the oxide obtained from Anderghem is 
occasionally used as a first coat on iron, but that the material 
is rarely obtainable pure, adulteration being so easy More- 
over, it is unsuitable for painting iron railway or road bridges, 
because of the soluble salts it forms with the sulphurous 
gases resulting from the combustion of coal in locomotive 
engines ; whereas the compounds formed therewith by red 
lead are insoluble. 

Mierezinski says : Iron minium forms a strongly ad- 
herent first coating for subsequent coats of oil paint on iron, 
and on the score of economy is preferable to red lead for this 
purpose. 

The artificial iron oxides {Caput mo rtniLm) are altogether 
unsuitable for preserving iron from ]*ust ; on the contrary, 
they facilitate rusting.” 

The following axioms m*e laid down, for pigments, by 
Landolt : ‘'All colours used in the preparation of paints 
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for iron should possess a maximum of covering power and be 
chemically pure, so as to ensure proper distribution in painting. 
The selection of the colours should not — as so frequently 
happens — be made at random, but should be based on good 
theoretical grounds and on experience.” 

Such are the divergent views on the suitability of tlie 
individual pigments for anti-corrosive paints. None of the 
pigments in use is capable of permanently resisting the action 
of acids, unless protected with an envelope of linseed varnish ; 
and some of them (the lead pigments) must be credited with 
exerting chemical influence on the oil or linseed varnish. 
This action is confirmed by Mierczinski, who states that 
the good appearance of white lead is due to the contained 
hydroxide, which combines chemically with the oil to form a 
lead soap, dissolving in the surplus oil and constituting a 
kind of varnish, which covers the lead carbonate and imparts 
body and covenng power thereto So soon, however, as this 
lead soap is present in quantity the white lead loses in 
covering power and opacity, the paint becoming more or 
less transparent, horny, and brittle. According to Spennrath,. 
zinc white undergoes decomposition by the action of atmos- 
pheric air ; whilst in the artificial iron oxides the free acid 
present reacts on the varnish (and perhaps also on the iron 
itself at a later stage). In fine, there is no pigment but 
which may be subject to decomposition by some influence or 
other. Theoretically, therefore, none of these pigments is 
suitable for use m anti-corrosive paints, since the quality of 
resisting power is exacted of them. The author has never 
held such extreme views, but holds that selection should bo 
made of some pigment either absolutely or relatively inei't 
towards hnseed varnish, a condition fulfilled by — 

1. All zinc pigments. 

2. All native oxides of iron. 

3. Grraphite. 



IRON-COKHOSION AND ANTI-CORROSIVE PAINTS. 


185 


Moreover, white lead should not be excluded, although, as 
we have seen, it enters into combination with linseed varnish. 
In accordance with the axiom expressed by the author and 
others, that in every paint each particle of pigment should be 
so enveloped in linseed varnish as to render it entirely in- 
dependent of and secure from external influences, all the 
above-named pigments are admissible, and Spennrath falls- 
into considerable error in asserting that zinc white suffers 
decomposition in the paint ; m fact, m another part of his 
pamphlet he states that decomposition is precluded in pig- 
ments held together by linseed varnish. 

Let us now examine the state of affairs in the case of 
inert bodies, which, like barytes, are indifferent towards all 
influences, even of the strongest acids. The adulteration of 
paints with barytes is objected to universally, without con- 
sidenng that this substance is an absolutely unalterable hard 
mateiial, possessing only the single defect of low covering 
power. The author agrees that adulteration should be con- 
demned, but he believes that no one has ever proved barytes 
to exert any injurious influence in paint; on the contrary, it 
is presumable that this substance must form a very solidi 
paint, by reason of its own inherent hardness. However, 
barytes requires but a small quantity of linseed oil to bring 
it to a proper workable consistency as paint, and, moreover, 
it distributes very badly. Nevertheless it would seem advis- 
able to institute extensive practical experimonts with paints^ 
in which barytes could be associated with some pigment 
requiring a large proportion of varnish, such, for instance, as^ 
zinc white. The author is far from advising the employment 
of adulterants m pigments ; but if it should be proved that 
barytes forms a suitable material for anti-corrosive paints, 
one would not be justified in discarding it for the sole reason 
that it is also employed for purposes of adulteration. 

Having now ascertained which pigments are suitable for 
our purpose, we will next consider 



CHAPTEE VI. 


THE INFLUENCE OF THE PROPOBTION OP DRYING OIL ON THE 
DURABILITY OF THE PAINT. 

In the preparation of oil paints use is made partly of raw 
linseed oil and partly of linseed varnish — either in the natural 
state or bleached — and each separate class of pigment requires, 
according to its properties, different quantities of the afore- 
said liquids in order to become converted into the condition 
•of an oil pamt. Thus, for example, lead pigments, especially 
red lead and white lead, require considerably less linseed oil 
or varnish than do certain other metallic pigments — e.gr., zinc 
white — while all the earthy colours, particularly ochre, umber, 
oertaiii iron oxides and the like need a considerable amount of 
liquid to convert them into paint. Moreover, the individual 
pigments themselves vary in their requirements of oil ; so 
that in the case of zinc white (and also white lead) fluctua- 
tions in this respect of as much as 10 to 15 per cent, occur. 
'This divergence in the oil consumption of the various natural 
And artificial pigments is attributable to the form of the 
individual particles of the colom’ing matters, hard particles 
of crystalline nature requiring to be ground to paint a much 
smaller proportion of oil or varnish than the soft, amorphous 
pigments. Barytes affords a decisive instance of this, also in 
the case of earthy pigments the consumption of oil increases 
proportionally with the softness and absorbent nature of the 
substance, a soft argillaceous ochre, for instance, requiring 
much more than a sandy ochre or heavy iron oxide. As a 
general rule it may be said that all the specifically heavy pig- 
ments, i.e., all such as occupy but little space, require a much 
smaller quantity of oil or varnish than such as are voluminous ; 

hence bulk of itself affords a criterion of the requirements of 

(186) 
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a pigment in respect of oil. These facts are well known to 
paint manufacturers and experienced master painters, and the 
author (mly refers to them here in order to attract the atten- 
tion of a wider circle on the one hand, and on the other to 
utilise them as a basis for further remarks. 

We know that all paints are the better able to resist 
atmospheric influences, rain, snow, cold and heat — as well as 
the mechanical effects exerted by sand and dust in conjunction 
with the wind — in proportion to their elasticity. A coating 
•of best carriage varnish exhibits far greater powers of resis- 
tance than one of cheap copal varnish ; and when the reason 
for this superiority is investigated it is found that the former 
varnish contains the much higher proportion of oil. It is an 
established fact that all varnishes rich in oil are more resistant 
than such as are poor in that constituent, and it is equally 
established that this supenority is actually due almost ex- 
clusively to their higher content of oil. 

What, now, is the state of the case with regard to the 
influence of the oil ratio on the durability of paints ? It has 
been shown that some pigments require only a small quantity 
of oil, chief among which may be classed the lead compounds, 
white lead and red lead, these forming a fairly thin paint 
with 12 to 15 per cent, of a drying oil, whereas zinc white 
requires about 30 per cent. 

Similar conditions obtain in respect of all other colours, 
and it is worth while to consider in what m a n ner they mani- 
fest themselves in the resulting paints. 

If we apply a given weight — say 1 kilo — of a heavy pig- 
ment over a given surface, we find that it does not cover so 
large an area as the same weight of a specifically lighter 
pigment, because the former is less bulky than the latter. 
Assuming the volume of the lighter pigment to be double 
that of the heavier kind, the former will then cover twice 
as much surface, the volume for a given weight being the 
•criterion of covering power. 
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Por example, if 200 parts, by weight, of oil are used with 
1000 parts by weight of one pigment, whilst the same weight 
of another (lighter) pigment requires 700 parts of oil ; and 
also assuming that the volume of the latter pigment is as 
large again as that of the heavier kind, then approximately 

1200 parts by weight or 700 volumes of the heavy paint contains 200 
parts of oil. 

1700 parts by weight or 1700 volumes of the hghter paint contains 700 
parts of oil. 

1200 parts of the latter would contain 500 of oil. 

Consequently, if 1 part by weight of the lighter paint will 
cover a surface as great as that covered by 2 parts of the 
heavier kind, the relative quantities of oil on a given area 
will be 20 : 25. 

Of course this is only a hypothetical example, the dif- 
ferences will mostly be much smaller in practice. In any 
case the old axiom holds good, the larger the proportion 
of drying oil taken up by the pigment to form a workable 
paint, the more durable will the resulting coating of paint 
prove. This is also confirmed by practical experience, for it 
is an undoubted fact that paints made from white lead or red 
lead perish much sooner than those made of zinc white or 
ochre, the gloss and elasticity disappearing much quicker and 
leaving the pigment in a shorter time in a condition in which 
it can easily be scraped off as powder or m flakes. 

Attention was bestowed by Mulder on the ratio between 
pigment and vehicle, and he came to the conclusion that a 
portion of the red lead exerts a drying influence on the linseed 
oil, whilst the remaining and far larger quantity should be 
regarded as a by no means unconditionally essential loading 
or ballast. 

One hundred parts of linseed oil are ample for binding 0- 
parts of lead oxide ; , so if for the sake of convenience we say 
10 parts, then to each 1 part of linseed oil there will be I'ly 
part of lead oxide. 

To prepare a free working paint from white lead or red 
lead, 85 to 40 parts of oil are necessary to each 100 parts of 
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ground pigment. Of these, however, the aforesaid quantity 
of oil only binds 4 parts, leaving 96 parts unaltered and simply 
enveloped in the oil, to aot as covering material. The ques- 
tion now arises spontaneously • Cannot a few of these 96 parts 
of white or red lead be replaced by a neutral substance with- 
out endangering the utility of the whole, and may not such 
neutral substance, when obtained by grinding a very hard 
and durable material possibly exert a favourable influence on 
the durability of the paint? Some very important experi- 
ments in this direction were made by Mulder with mixtures 
of red lead and Anderghem iron oxide, ground roofing tiles, 
clay ironstone, haematite, magnetic iron ore, and ground slate. 
He reported that : 100 parts of commercial boiled hnseed oil, 
with 2’6 per cent, of lead oxide, made up into paint "with — 

6 parts of red lead to 40 parts of Anderghem iron oxide, 

II II II 40 n ,, n 

gave very satisfactory results, especially in the proportions 
25 : 40 


40 

05 

90 

1‘20 


The same, with — 

20 parts of red lead to^ 

»i II 11 1 

n II II VlOO porta of Anderghem iron oxide 

II II 11 I 

II II iiJ 

also behaved well, no difference in covering power being 
noticeable. 

The same, with — 

20 parts of rod load to 60>i 
40 „ „ „ 60 1 

05 
90 

120 „ 

120 

covering power satisfactory m the higher proportions. 

The same, with — 



porta of red roofing tile poT^der ; 


20 parts of rod lead to 
40 ,, ,, 

b5 II II II 

90 ,, ,, ,, 

120 ,1 It 


-100 parts of olay ironstone ; 


covering power satisfactory in the higher proportions. 
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The Siime, with — • 

'JO parts of rodliuul (in\ 

40 

05 „ ,, „ JOO parts Ilf b.PiniLtilo, 

i)0 

1‘JO „ ! 

coveivd excollcntly. 

Thd Hiuuo, with — 


•10 piirtH 

Ilf r«it load 1.0 10 pai'l'i 

1 of 11*1111 

40 

, 100 

bUui bricks. 

40 

100 ., 

f^riunicl hIilIc. 

•10 

, 100 „ 

rntilln^ tilt!, 


(!OV('rnd admirably. 

“I will poHtpoiU!," Hays Mulder, on uth Murrli, IHIm, "a 
final docisioii on tho behaviour of thoHo paints with ivj^iiril 
to adheronct', hanlncHH and roHietance to n ind and weather, 
they beinj; still too young to enable a jndgmi'iit to be formed. 
This much, however, I may say, that a large iiiimlu'r of 
them seem to attain tho maximum degrt'e of hardness 
This is satisfactory, and 1 am of o])iiiion — from these few 
simple experiments with hoiled linseed oil and matei-ials 
almost valueless in a pecuniary sense* that for impaitiug 
hardness and covering power to paint, leaving eoloui out ol 
the question, one need seek no farther than ground moling 
tiles, old blue hrioks, or hnriiod clay ironstone, and may leave 
all secret preparations alone in future.” 

A few of tho preceding paints were too thick, (tthers ton 
thin ; it is, however, worthy of note that all of tliein, irn-spee- 
tivo of consistency, adhered satisfactorily to iron. 

The strips of shoot iron used were all painted tjo oiU' 
side only, and thon exposed for some months to wind and 
weather, rain and sunshine. The unpainted sidtt was I'onnd 
covered with rust in all instanees; hut no trace of rust or 
peeling was ohsorvahle on the painted sidiis. 

Whore no <loe,orative (dletit is required, many conditions 
can be disponsod with in the jiaiiit ; but tlie following thi'ee 
essentials must be maintained; — 
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1. The linseed oil must he well boiled, well prepared, of 
^^ood quality, and contain 2 to 3 per cent, of lead oxide. 

± The ^u’ouud pi^nueut must contain an addition of lead 
oxide ; red load is believed to be the beat, but the minimum 
amount has still to he determined. In the brief space of 
time occupuul by tho exporimenta no difference in point of 
hardnc'ss and durability could be detected between the pamts- 
rich and poor in this constituent. 

3, A hard, inert powder, ground as finely as possible, may 
ho addiul, the ([uantity being limited by the workability of 
tho paint. 

As a matter of fact the present communication contains- 
nothing novel, it being an old practice to strew sand over the 
newly painted surface after applying the final coat, when the 
production of a durable coating is the sole consideration . 
Nevortheloss, this useful method is too little known. 

b’roni what has been said hitherto with regard to pig- 
UKUits there is no difficulty in determining which are the 
most suitable; and it is also easy to draw the following con- 
clusion, vie., that security for the production of a suitable 
anti-corrosive paint, conforming to all necessary require- 
ments, is afforded by the use of such pigments as are as far 
as possible inert and require a large proportion of linseed 
varnish in order to form a workable paint”. 

It also follows from the particulars given that inert bodies 
that are not pigments — barytes, brick dust, and various 
other materials' 'luay form part of anti-corrosive paints, pro- 
vided they (consume a large proportion of varnish and are 
in a Huffitueiitly fine state of division to yield a smooth, non- 
granular product. To provcuit fraud, it will then be the busi- 
nesH of i)aint buy(srs to come to some agroomeut as to the 
suitable prices for such specially compounded paints. The 
author would repeat that he has no desire to treat the addi- 
tion of such materials as an adulteration, so far as it has been 
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•shown that they act as well as or better than the more 
expensive pigments. At present, ground slate alieady fre- 
quently forms a constituent of anti-corrosive paints without 
being regarded as an adulterant ^ Actually, no closer defini- 
tion of adulteration is needed than “the addition ot inferior 
materials to paints sold as ‘ chemically pure ’ ” If this as- 
surance IS not given, then the price charged must be taken 
into account before one can regard these additions iis adul- 
teration, and on this point an opinion has already bc'cii ex- 
pressed (p. 116). 

Note — Mr J. Oruiokshonk Smith, in a paper road boforo blio Pamt and 
VamiBh Society on May 18, 1911, said . “ BrleC referonoe must bo made to 
one of the moat reoent developments in oonnootion with soioutillu paint- 
makmg, namely, the use of ‘mhibitive pigments*. This term lias ariHon out 
of researobes (chiefly those of Oushman and Walker) oouneotod with the 
oleotrolytio theoiy of corrosion, and attempts have been mado to prove that 
pigments can be grouped in classes according as they tond to prevent or in- 
hibit corrosion, to accelerate corrosion or are inert in this respect. 

“ It 18 well to point out that certain conclusions which have boon arnvod 
at in respect of such recognised inhibitors as potEisBium bichromate, clironiio 
acid, and caustic soda are not relevant to the problems attending bho pi'otcc- 
tion of iron and steel by means of oil points, for the rcoBons that none of 
these chemicals are or can be constituents of such paints and tliat they act 
only in watery solution, and the presence of moisture must bo rigorously 
guarded agamsb in pamt. A further difficulty has been introduced through 
Friend^ having shown in his reoenl; researches that the olIocL of an mliibilior 
depends on the concentration of the solution, and that as tho conconbratiiun 
vanes the action may be reversed, the inhibitor becoming an aooolorator of 
corrosion. The study of pigments (using that term in its strict tcijlmicai 
sense, which connotes insolubility) in relation to blieir efEcob as iuUibiturs of 
corrosion has not so far been sufficiently exhaustive or long continued to 
permit of entirely satisfactory deductions being drawn. While it is unsafe, 
therefore, at present to claim very definitely for any pigment, under tho oou- 
ditlons to which it is exposed in a paint film on iron and stool, unfailing 
action as an inhibitor of corrosion or even assert with any degree of oorbainty 
what pigments will be uniformly inert in this respoot, signs aro not wanting 
that we con with a growing degree of confidence point to certain pigtuouts 
which act as accelerators of corrosion, and these should bo rigorously excluded 
from protective coatings.*’ 

It 18 quite true that in many of tho experiments on tho prevention of 
corrosion of iron and steel most of the solutions omiiloyod wore inpicous solu- 
tions of various chemicals. In the case of a paint film tho piguioiit is sur- 
rounded on all sides by a varnish through which very little water can penetrate 
so that tho conditions are very different, any inhibiting octicin thorti miglit 
be not having free play, still it seems that certain piginonta, e.g, American 
vermilion, a basic chromate of lead, have a decided inhibiting action. 

^ Paper before the Iron and Steel Oongress, May, 1011., 



CHAPTEE VIL 


THE PREPAJIATION OE ANTI-OOHROSIVE PAINTS 

The compounding of paints is a fairly simple operation, con- 
sisting simply in the mixing of the finely divided pigmentary 
substance witli the linseed varnish, grinding the two together 
m a paint mill, and finally thinning the product down with 
linseed varnish to the proper working consistency. All pig- 
ments, even varieties of tlio same pigment, require varying 
amounts of varnish in order to produce paints of deliuite con- 



Fia. Ql.— Paiiiti-mixliig maolilno. 


siatency, theri^fore exact details cannot be given. The con- 
sistency of the varnish also influences the result, the thicker 
grades being proportionally loss able to take up pigment, and 
at the same time producing correspondingly more viscous 
and therefore loss workable paints. Hence stress must be 
laid on the attainment of uniform strength in the linseed 
varnish, to which end occasional tests should bo made with 

the viscosimeter. Thinning down the paint with tuniontine 
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Hhould not bo resorted to, since this trejitmont diniinislicH the 
proportion of linseed viiriiisli, the paint then lieiiif^ rc^ndored 
loss durable. Noitlier should driers bo added in any form, 
but the varnish sliould possess iu itself sufficient drying power 
to make such additions suporfliioufl. Licpiid driers in par- 
ticular, by reason of their richness m lead conijiounds, art* 
very unfavourable to the durability of the paint, causing pre- 
mature decay 



Fig. 6f2.— Pttinfc-mixing mauiliiuo. 


The author haw no iniontiou ot Hiviiiff a Htriiif,' uC rpoipPH 
for anti-coiTOsive paint, bixt will iloal fjonorally with tl>«j 
oporationn of mixing and grinding, montioning Hpvoral im>- 
chanical appliancos for thoso purpoaoH that have bohavod well 
m practice. In a aubaoqnent chapter will l)p found aundry 
particulara relating to varioua painta iu current uap. 

In addition to the qualities already Hpoeified, the pig- 
ments employed iniiat he perfectly dry and in the fineat poa- 
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sible state of division. They are placed m a suitably large 
vessel containing the linseed varnish, where the two ai'e 
mixed intimately together by means of a stirrer For large 
quantities, such as are generally employed in the preparation 
of anti-corrosive paints, hand mixing is too cumbrous, tedious 
and costly, it is advantageously superseded by mechanical 
appliances, such as that shown in plan in Fig 61, and m 
vertical section in Fig. 6‘2. 



Pia. 6S. — Pftint mlxor. 

In this smooth-walled mill two twisted annular beaters, 
engaging one with the other, rotate in opposite directions, 
ensuring the intimate admixture of the materials in a com- 
paratively short time, and with less expenditure of power, 
than could otherwise be effected. The action of tho machine 
proceeds with great uniformity, resulting in the production 
of a satisfactory effect, the particles of material kept in con- 
tinual motion being forced to intermingle until worked up 
into a homogeneous mass. The stirrers brush against the 
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bottom of the mixture and against each other at every revolu- 
tion, thus preventing any part of the mass from remaining 
unacted upon. The machine is emptied by simply tipping 
the pan, the stirrers being kept m motion in order to facili- 
tate the removal of any material adhering to the sides. To 
clean the machine out thoroughly it may be taken apart by 
simply removing a cotter. 


1 



Fig. 64. — Paint mixer. 


The mixer of Messrs. Werner Pfleiderer (Pigs. 53, 
54) is extremely simple in principle, and unsurpassable in 
efficiency. It is made in various sizes, to treat from one cwt. 
to a ton and a half of paint, the quantity each mill is capable 
of dealing with at a time being not merely dependent on the 
specific gravity of the materials, but also to a large extent on 
the consistency and other properties of the mass. In most 
cases the stronger machines are also suitable for dealing with 
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smaller quantities than their normal capacity, but it is better 
to state the purpose for which the mixture is required when 
ordering. When the machine is in motion the kneading 
paddles work one against the other inside the mixing pan. 
To save time and increase the effect, the motion should be 
reversed at intervals, the machine being fitted with reversing 
gear for that purpose. The best results are obtained when 
the amount in machine is such that the peculiar sound of the 
materials dashing from one paddle to the other can be heard 
when the apparatus is in motion, an effect generally obtained 
when the amount of dry material is just enough to completely 
cover the paddles. The pan can be tipped for emptying, the 
smaller ones being so constructed that they can be dismounted 
to facilitate cleaning, the trough being taken apart and the 
paddles removed 

The preceding appliances, whilst intimately mixing the 
varnish and pigments together, have no effect on the fineness 
of division of the latter. Consequently the product is lumpy, 
and although the lumps can be broken down with the hands 
or by a muller and stone slab, the paint does not yet exhibit 
that fine and soft salve-like mass characteristic of the perfectly 
ground article. 

To bring it into this condition further treatment is 
required, consisting of an intimate mixing, crushing, and so 
forth, performed by hand in the case of small quantities, but 
necessitating the employment of properly constructed paint 
mills when the work is performed on a large scale. 

Paint mills may he divided into three classes, according 
as the grinding of the material is effected — 

{a) Between two conical, roughened surfaces, one fixed 
and the other executing a rotary movement ; 

(6) Between two flat grooved plates, moving eccentrically 
in opposite directions ; or 
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(c) Between a seneB of rotating steel, porphyiy (granite), 
or porcelain rollers. 

For works of moderate size the mills of class a are suit- 
able, but larger quantities can only be dealt with by roller 
mills (class c). 

Fig. 55 shows a funnel-shaped or conical mill, the upper 
grinding surface of which is attached to the fixed feed hopper, 
whilst the movable lower conical grinding surface is adjusted 



Fig. 66. — Paint mill ■with comoal grmding Biirfaces. (For power.) 

by a screw and spindle so as to leave merely a small aperture 
for the outflow of the ground paint. The conical surfaces 
must be accurately turned, the actual grinding surfaces form- 
ing only a portion of the funnel or cone, which portion is in 
both cases riffled in order to mcrease the grinding power. 
The riffles run from the centre towards the edge, which, 
however, they do not quite reach. 

The paint to be ground is placed in the hopper, and on 
issuing from the mill is conducted into a receptacle below by 
means of a scraper placed at the side. 
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The larger mills are always of the roller type, such as 
illustrated in Pigs. 56 to 58 They contain from three to 



Fra. 50. — Tnplo-rolloi- pamt mill. 

SIX rollers of equal dimensions, mounted one above another 
or side by side m a strong frame, and caused to rotate at 



Fig. 57. — Qatwlmplo-rolloT paint mill. 

<li£foi'ent speeds. The lowermost roller generally executes a 
lateral motion as well. The mixtiire of oil and paint to be 
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ground is fed between the first pair of rollers, being prevented 
from running away over the ends of the rollers by a hopper. 
On issuing from these rollers, where it receives the first 
grinding, it is carried over by surface adhesion to tlie socond 
pair (Nos 2 and 3), being regrotind between these, broin 
the third roller it is removed by an adjustable scraper, anrl 



Pio. 58. — Combined tnplo-rollov mill and mixor. 
if not sufficiency fine is afterwards passed througli tlio inilf 
a second, or even a third time, the rollers being nieanwhiU* 
set closer together by the adjusting screws. 

Fig 58 shows a combined mixer and grinder, the pig- 
ment and varnish being placed in the mixer — at the top 
of the apparatus — passing from thence to tlio mill propcu' 
below. 
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The finished paint must be m a sufficiently finely ground! 
condition and of a proper workable consistency — ^unless made 
extra strong, to be afterwards reduced by the consumer — 
and it should be protected from skinning, both during manu- 
facture and storage 



CHAPTEE VIII 

ANTI-OORROSIVE PADSTTS 


Graf S Co's Paiizersolmppen {Scale Armour) Paint 
(According to the cancelled patent specification ) 

A patent was applied for in respect of a paint for boilers, 
the mixture consisting of scaly micaceous iron (specular iron 
ore) and linseed varnish, its object being to facilitate the 
removal of boiler incrustation. The use of any fine varnish 
free from acid or alkali was contemplated, in conjunction 
with a mineral pigment of scaly structure resembling native 
graphite in appearance, and containing the following con- 
stituents . — 

Silica . . . . . 6*4:0 per cent. 


Phosphoric a.cid 

0*05 

Iron oxide . 

88-63 

Alumina ... 

0-40 

Manganese protoxide 

. Trace. 

Cobalt and nickel protoxide 

0-12 

Lime . 

1*73 

Magnesia . 

. 1*83 

Alkalis and loss .... 

0*86 

Water, carbon dioxide, and organic matter 

. 1*99 „ 


The silica and phosphoric acid were in combination with 
iron oxide, and the small quantity of carbon dioxide appar- 
ently combined with the lime and magnesia. No sulphur or 
sulphur compounds could be detected The applicant re- 
served the right to modify the percentage content, and to 
make small additions of other more subsidiary substances. 

The intention was to coat the interior of the boiler with 

( 202 ) 
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the paint, which, from its composition and behaviour in 
practice, was claimed to be unalterable and irremovable under 
the influence of heat. Moreover, it was said to be insuscept- 
ible to the action of either hot, cold, or salt water, and to in 
no wiso reduce the conduction of heat. The paint, having 
been previously well stirred up and reduced with best linseed 
varnish, was to be laid on as thinly as possible, so as to just 
cover the metal, this treatment being repeated as often as 
necessary to produce the desired thickness of coating, and 
■each layer being allowed to dry properly before applying 
the next one. The use of suitable quick-drying varnish 
to accelerate drjnng was also contemplated. 

In place of powder the pigment was m the form of foli- 
aceous scales, and it was claimed that these scales overlapped 
one another in the paint, attaching themselves so firmly to 
the boiler plate that on the one hand no unforeseen loosening 
of boiler incrustation could occur, whilst on the other hand 
this loosening could be easily effected in the operation of 
cleaning out the boiler. 

The further advantage claimed for the use of this paint 
for the interior of boilers was protection from rust or other 
form of corrosion. 

Lender's Anti-corrosive Paint. 

This preparation is intended for the preservation of iron 
from rusting or attack in any other way, it being stated to 
be impervious to heat, cold, and the action of acids. When 
tested on iron plates it was found to resist warm water and 
steam, volatile acids, alkalis, gaseous ammonia, hydrochloric 
acid gas, and sulphuretted hydrogen gas. 

The principal constituent is a silicate of iron found in 
the vicinity of deposits of iron ore and also as veins in granitic 
rocks weathered by exposure to the air. The composition of 
this finely divided material is as follows : — 
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Silioa 

, . 5*40 per cent. 

Phosphoric acid 

0 06 

Iron oxide . 

88 5G 

Native alum 

0-50 

Lime .... 

1 76 

Magnesia . 

. . . 1-H6 „ . 

Undetermined 

2 30 „ 


99*1)1 

It IS .sold in the form 

of a paste, finely ground in 


mixture with oxidised linseed oil or varnish, and, before usc‘, 
is to be reduced with good linseed oil, together witli an 
addition of driers, such as litharge, etc., if considered necch- 
sary ; any mineral paint of a particular colour can bo added 
to produce the desired tone. 

Results of the Examination of several 
Anti-corrosive Paints, 

1 Bessemer Paint 

The pigment contains barytes, alumina, iron oxide, linu', 
silica, zinc oxide, sulphuric acid, carbon dioxide, and phos- 
phoric acid When treated with hydrochloric acid it evolves 
sulphuretted hydrogen. G-raphite or other carbon is UHOd 
as colouring matter, and linseed varnish as tho vehich^, tur- 
pentine probably constituting the drier. The presuiiiptivci- 
constitution is therefore : — 

Lithopone, or siliceous calamine oro, containing barytes- 
and chalk, together with graphite or other form of carlxm, 
and linseed varnish (with probably turpentine as a drier), 

2 Dia/inond Pa%nt, 

The pigment consists of white lead mixed with barytes ^ 
graphite or other form of carbon being employed for toning^ 
and linseed varnish as the vehicle. No rosin, rosin oil,, 
driers, or turpentme could be detected. 
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The paint is therefore compounded of barytes^ white lead, 
graphite, and linseed varnish. 

3. Diaviond Paint. 

The pigment is white lead, giving an iron oxide (ochre ?) 
reaction. Ultramarine, mixed with graphite or other carbon, 
is used for toning. No rosin, rosin oil, driers, or turpentine 
were found. 

Oonstitution : white lead, probably with a little ochre, 
ultramarine, graphite, and linseed varnish. 

4. Durable Pwint. 

The pigment is an earthy, granular, finely powdered 
sulistance, giving reactions for zinc oxide associated vrith 
silica, phosphoric acid, iron oxide, lime, manganese, and a 
little alumina. An addition of hydrochloric acid causes the 
evolution of sulphuretted hydrogen. The toning materials 
are ultramarine, graphite, or other forms of carbon, and the 
vehicle consists of linseed oil, neither rosin oil nor turpentine 
being present. 

The presumptive constituents are : zinc oxide or cala- 
mine, ultramarine, graphite, and linseed varnish 

6. Iron Oxide Paint 

The pigment contains iron oxide with a small amount 
of clay and pyrites, which gives off sulphuretted hydrogen 
when treated with hydrochloric acid. We have in this case 
to do with an iron oxide, presumably the residue from the 
roasting of pyrites. The vehicle is linseed varnish. 

The paint is therefore composed of: iron oxide — con- 
taminated with clay and pyrites — and linseed varnish. 

6. Armour-scalc PanzerscJmppen*') Point {Swiss origin). 

The principal constituent of the pigment is a granular 
reddish-brown iron oxide, somewhat greasy to the touch, and 
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interspersed with scaly, foliaceous, crystalline particles No 
rosin, rosin oil, turpentine, or driers could be detected, and 
consequently the paint consists of — 

Weathered micaceous iron ore and linseed varnish. 

7. Armour-scale Paint iGGrma7i). 

The pigment is mainly composed of fairly dark grey 
crystalline, scaly, smooth, and greasy particles of iron oxide,, 
interspersed with finely divided red iron oxide and a small 
proportion of gangue. A small quantity of graphite is pres- 
ent as colouring matter, the vehicle being formed of linseed 
varnish alone, no rosin, rosin oil, driers, or turpentine being 
present 

Constitution : micaceous iron ore — with a little graphite 
and gangue — and linseed varnish 

8. Armaii/r-scale Paint (Swiss), 

The bulk of the pigment is granular iron oxide, leaving 
a reddish-brown mark, intermingled with a relatively small 
proportion of foliaceous, scaly, crystalline, soft and greasy 
iron oxide, and a little gangue. Vehicle : linseed oil, free 
from rosin, rosin oil, turpentine, or driers. 

The paint therefore consists of strongly weathered mica- 
ceous iron ore (with a little gangue) and linseed varnish. 

9. Armour-scale Paint (Sioiss), 

Pigment pnncipally finely divided reddish, earthy, smooth 
and greasy iron oxide mixed with crystalline scaly particles 
and a httle gangue Graphite occurs as colouring matter ; 
and linseed varnish as vehicle. No driers, rosm, rosin oil, oi* 
turpentine. 

Constitution: finely powdered, reddish, granular mica- 
ceous iron ore, interspersed with scaly particles and a small 
quantity of gangue, graphite in small amount, and linseed 
varnish 
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10. Arviour-scalc Paint {Swiss) 

The main body of the pigment consists of a somewhat 
finely ground, grey, smooth and greasy, crystalline scaly iron 
oxide intermingled with a little gangue. Linseed varnish 
forms the vehicle, and a little graphite occurs as colouring 
matter. No driers, turpentine, or rosin oil are present. 

Constitution • moderately finely ground grey, scaly, mica- 
ceous iron ore, a little graphite, and linseed varnish. 

11. Platinum Paint 

The pigment is chiefly zinc oxide, with an admixture 
of a greyish-black, granular substance giving reactions for 
silica, phosphoric acid, sulphuric acid, carbon dioxide, lime, 
magnesia, manganese, alumina, and lead, and giving off 
sulphuretted hydrogen under the influence of hydrochloric 
acid. No rosin, rosin oil, driers, or turpentine could be de- 
tected, the vehicle being composed solely of linseed varnish 
Consequently the paint is compounded of non-barytic litho- 
pone white, and linseed varnish. 

12. Platinum Pannt, 

Pigment mainly composed of zinc oxide, with a little 
lead sulphate. Physical appearance and reactions similar to 
No. 11, sulphuretted hydrogen being also liberated on the 
addition of hydrochloric acid. Ultramarine is present as a 
toning material. Vehicle . linseed varnish, free from rosin, 
rosin oil, driers and turpentine. 

Constitution • lithopone white, a little ultramarine, and 
linseed varnish. 


13. Grey Pcdnt {Ger7na?i). 

The pigment is white lead shaded with ultramarine and 
a little graphite (or charcoal). Small quantities of alumina, 
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t20S 

iron oxidfi, and Boda wort' I'lmiul. \ohii*lr liiisi'oil t»il. wilij 
a larj^o proportion of ri'sin and tnrpt'iitini' 

Constitution : whito h'aii wiili a littlt* ocJjvo, nltruniarnn , 
resin dissolved in turpontino (ajiiln'r varmsli), and Ini^ood v;i.i 
nish ooiitainin^^ lead. 

Comparative experiji units liavo been inadr by lli‘\l with 
platinum paint, y.iiic paint, silic.ate paint, and /'raphiti*, with 
the following; results : — 

]. Platinum paint and ri‘d h‘ad form a piolVetly liard 
mass from which tlio linseed oil no lon^fi'r volatilises 

2. Iron oxide, /line iiaint, and silieate paint ri'inain snl'l. 
HO loiiy as llie linHO('d oil is not c.nniph'tidy volutdistwl, hut 
eoutinue to lose body throu^di tin* vtdatilisa! ifni I'h tif tlir 
linseed oil, until eventually notliinf^ is loft hut tin* iinetivi'i'ei! 
powder, wliicli th(*ii waslu's off in course of time. 

f‘). Graphiti' and the mixed ])aints jiart with flunr linsoed 
oil much quiedior than tliost' named in class li, cniisequontly 
the washini^^ away of tli(‘ n'sidual powder will l»e ellectetl 
much more rapidly, unless this latter is endowed with a 
special degreo of adhesion towards iron, a eonditiem lliat has 
not hitherto bi'en ohservc'd. 

Paints i^'oa Knips' Mivr’ioMs. 

{Anti-foulimj ComposUimis.) 

These preparations luw(^ for a <5C)nHiderahli' timt‘ played 
an important part in l^ln^dand, owiiiji^ to tlu* reco'^niserl lit' 
coHsity for maintaining ships’ laiLtoms in j^ood contlilimi. 
though it is only within the last fi^w dettades that tlala have 
boon collectiul as to the elTt'ot of niariiU' animal and vegetahh^ 
incrustatioiiK, below the water line, on the spf'tul ami ct»iil 
consumption of the vtmsc^l. 

According to W. Hummel, the deiuaml for special painlH 
for ships’ liottoms dates from tlie introduction of iron ami 
steel into the art of shipbuilding. Wmaleii vessi'ls art' not 
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liable to become rusted, and sliips of this class are protected 
from the accumulation of marine plants and animals by 
moans of copper, or copper and zinc, sheathing The same 
treatment has also been applied to ii'on vessels, but is only 
used wJien the ship cannot be docked for cleaning except at 
long intervals. So far as painting the ship’s bottom with 
red lead, white lead, iron oxide, or zinc white is concerned, 
those materials are altogether inoperative against the vitality 
of the iiicrusting organisms, nor do they prevent the iron 
from rusting. The use of red load as a first coating for 
steel ships was also abandoned on the fact becoming known 
that lead preparations are converted by sea water into lead 
■chloride, which in contact with iron produces iron chloride 
and lead — the latter forming with tho iron a strong galvanic 
couple productive of further corrosion. 

Of the organisms growing on ships’ bottoms, but little 
danger is to be anticipated from seaweed, these plants usu- 
ally growing on the water line alone, since air is necessary 
to their development. The speed of the vessel is mainly 
■checked by testaceous incrustations, which organisms lU’e, as 
a rule, motile in their earlier stages of growth only. The 
tiLsk of the poisonous sulistances in anti-fouling compositions 
is therefore to destroy the vitality of the germs of such or- 
ganisms remaining adherent to the ship’s bottom. During 
a voyage tho layer of paint is so far softened, under the 
influence of fnction and sea water, as to enable the saline 
constituents of the latter to gain acoesH and react on the 
poison in tho paint, tho result being the production of an 
antiseptic solution which kills the organisms attached to the 
surface of the vessel. 

Ill tropical waters the rate of increase of these creatures 
is so rapid at certain seasons that the antiseptic material 
appcuira to bo soon exhausted, tho paint then ceasing to be 
capable of preventing incrustation. 
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"When the vessel is laid up in 'harboui.', incrustation pv( i- 
grasses at a greater speed than diu’ing the voyage, tin- 
efficiency of an anti-fouling composition therefore depending 
mainly on the length of time the paint can continue to 
liberate an active antiseptic substance when the ship is laid 
up. In harbom’, however, the surface of the vessel is not 
subjected to friction, consequently the antiseptic mati-rial in 
the outer layer becomes exhausted within a few weeks, iinii 
it IS only after the spent outer layer has boon removed by 
the friction engendered by the motion of the vessel, on tin- 
renewal of the voyage, that a fresh surface impregnated wilb 
toxic material is exposed It is therefore possiblo under 
certain circumstances for a newly painted ship to become 
more thickly incrusted than one carrying an older coating of 
composition. Prolonged exposure of the fresh paint to tin- 
air considerably diminishes its anti-fouling power. 

The records of the English Patent Office contain a large 
number of specifications of anti-fouling compositions, tin- 
earhest inventor of such preparations for preventing daniagi,- 
to ships’ bottoms from the putrefaction of the wood, attacks 
by maggot, etc., being William Beelo, who in the yoiu- I(l2r> 
patented a “cement” for protecting 8bip.s from the ravugi-s 
of barnacles This process consisted in boiling together 
a mixtm’e of “wildfire” or gunpowder, water, ciouiont, ami 
“ dressing for ships ” ; but as the composition of the lattei- 
items was not given, beyond a remark that they wia-e t-x- 
tracted from certain minerals found in England and Wales, 
the real active agency was loft unreveah'd. In the same 
century Philip Howard and Erancis Watson occupii-d tliem 
selves with the same problem, and, in thoii- patent taken 
out in 1670, proposed pitch or resin as a proviaitivct agent. 
In another specification, the samo inventors doscrihe a 
varnish of beeswax, turpentine, and granular lac di.ssolved 
in corn spirit. Two patents in 1670 and 1737 remained 
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uncompleted ; and Emerton proposed to coat the hull with 
boiled oil of gelatinous consistency and containing com- 
pounded poison, pulverised glass, sand and dust, worked up 
along with paint and oil to a thick mass, this being then 
topped with a coat of thick oil paint. 

A special report on a patent granted in 1754 refers to a 
mixture of clarified turpentine and distillation products from 
pine wood. At that period tar and lampblack appear to 
have played a leading part in all black paints for ships’ use 
One inventor, towards the end of the century, proposed to 
mix tar and iron filings, and to distil from the mixture a 
Japan black for masts and a thin tar for the hull. In 1791 
William Murdak took out a patent for a paint compounded 
as follows : Iron sulphide was roasted, in air, along with 
zinc, the resulting yellow powder being mixed with turpen- 
tine or other vehicle. The presence of arsenic in the iron 
sulphide formed an important means of protection against 
incrustation by marine animals. 

Aftei* this epoch a long period of inaction in this class of 
inventions set in, during which nothing worthy of record was 
proposed. Most anti-fouling compositions of a later penod 
contain salt of mercury, which forms an excellent preventive 
of incrustations of marine animals still more recently 
Baron Wetterstedt proposed to coat vessels with an anti- 
mcmiouB lead preparation, the parts below the water line 
being covered with an amalgam of 17 parts of mercury,, 
2 parts of lead, and 1 part of antimony. Lead appeara 
to be a particularly suitable means for the purpose in view. 

The idea of an amalgam was taken up again in 1841 by 
Eobert Mallet, for application to iron, which by that time 
had come into use to replace wood in ships’ hulls. The- 
invention consisted in the use of a double salt of zinc, or 
manganese, and ammonia, for cleaning and applying a coat- 
ing of metal — zinc, mercury, and potash or soda — which 
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aonalgam was covered with a protective layer of varnish, 
topped with poisonous paint. Palladium was also proposed 
as a coating, but, judging from the price of the metal, its use 
could hardly have been seriously contemplated. In 184H 
Charles Hancock proposed gutta-percha, boiled in a solution 
of calcium chloride, and kneaded with a mixture of boi-ax 
and shellac; while shortly afterwards two inventors proposed 
to use solutions of gutta-percha in benzol, a similar solution 
being also proposed in 1851, as well as on many Bubsajudil 
occasions. 

Arsenic first made its appearance as a poisonous con- 
stituent of anti-fouIing compositions in a preparation of car- 
bonate of iron and white arsenic, associated with coal-tar 
pitch and benzol, and from that time onwards was always 
used in conjunction with mercurial compounds. Tn 1852 
the arsenical lead compounds, realgar and orpimont, and 
various arsenical salts were substituted. Two years later, 
Westwood and Baillie used white arsenic as an external 
layer, the novelty of their process consisting in the employ- 
ment of the strongly adherent body asphaltum as a first 
coating on the metal surface 

In 1855 Greenhow put forward an entirely now pro- 
position for the prevention of incrustation, in that, instead 
of applying a poisonons composition to the ship’s bottom, 
he provided the latter with a perfectly smooth surface on 
which the marine animals could obtain no foothold, This 
was effected by coating the iron plates with a mixture of 
glass, resin, and soda (apparently a kind of enamel) . Tn 
1866 it was proposed to use a mixture of coal-tar croosotc, 
insoluble lime soap, and copper oxide ; and in the next year 
one inventor brought forward a project for killing all animal 
and vegetable incrustations by means of strychninti or 
atropine as an adjunct to anti-fouling compositions. The 
process of M. Grae (1868), in which bone fat and salts of 
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copper were employed, was not very durable, owing to the 
removal of the fat in course of time by attrition. 

Hay’s invention (1861) was intended for treating copper 
oxide in such a manner as to secure uniformity in the appli- 
cation of the paint. He precipitated black copper oxide from 
solutions of copper salts, and boiled the product in linseed 
oil, whereby the oxide was reduced forming a paint with the 
oil, a little silver or other metal or oxide being added to the 
preparation. Another patent prescribes the use of asafoetida, 
antimony, mercuric cyanide, and guano, boiled in linseed 
oil. 

Copper and brass are recognised as the best protective 
agents for ships’ bottoms against the influence of sea water, 
and marine animal and vegetable parasites, being used wher- 
ever possible. The employment of sheathing is, however, 
impossible on iron vessels, especially armour-clad ships, and 
is moreover too expensive for general use. Owing to the 
immense importance of the subject extensive investigations 
have been made by parties interested in the matter, with a 
view to discover an effectual means of preventing rust on the 
one hand and incrustations on the other, by coating the metal 
with some protective material that will be durable under all 
conditions, but no thoroughly reliable results have as yet 
been obtained. 

Trials have been made in France in the employment of 
powdered copper, but with unsatisfactory results, because the 
preparation of the powder by galvanic methods proved too 
costly for technical purposes on the large scale, and the var- 
nish selected as vehicle had not sufficient stability. All 
coatings for protecting iron vessels require very durable var- 
nishes in conjunction with copper powder; otherwise — as 
reported by Wall — they will never effect their object. Ac- 
cording to Wall’s invention, copper powder may be produced 
very cheaply in such a condition that it can be incorporated 
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with suitable varnish and used like paint, the resulting coat- 
ing affording equal protection to that of a sheathing of sheet 
copper The copper powder may also be used in admixture 
with other pigments, e.g,, red ochre, lead peroxide, zinc grey, 
magnesia, bole, or ochre As the edges of the iron plates can- 
not be so thickly coated with the paint as the plane surface, 
and are consequently more liable to rust under the influ- 
ence of sea water, Wall employs a special method of prun- 
ing which is claimed to preserve the metal from corrosion. 
The copper powder can also be made up into a paint with 
tar, or applied over a coating in which tar is present, or over 
a coat of red lead paint. It is well known that sheet zinc, 
or galvanised iron^ affords an excellent protection against rust, 
though not against the corrosive action of sea water or in- 
crustation by marine animals. No galvanic action takes 
place between the copper and iron in presence of sea water, 
for the reason that the copper powder is completely enveloped 
in varnish ; consequently the destructive action of the sea 
water is prevented. If such action were possible, the 
copper would be soon converted into copper chloride, the 
rate of alteration being accelerated in dhect proportion to the 
fineness of division. In any case this paint, like red lead, 
would require renewing after a while ; but even porcelain or 
glass plates would be subject to slow corrosion 

According to a report of the U.S. Naval Institute, ex- 
periments have been made in coating the iron hulls of ships 
with Japan lacquer, the method being based ou the observa- 
tion that lacquered goods have been found to stand the 
influence of sea water for a considerable time. The Japanese 
Government purchased foreign-built iron and steel vessels, 
and, in view of the diflBculties besetting the protection of 
ships* bottoms, experimented with lacquer. In the first place 
lacquered plates were immersed in sea water for a consider- 
able time, and the results, though affording but little satis- 
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faction, were thought to be of sufficient interest to warrant 
further trials, particularly in the direction of rendering the 
lacquer composition more suitable for the purpose by means 
<)l various additions. In June, 1886, the first direct test was 
made by coating some 1,200 square feet of the keel of the 
warship Fiiso-Kan with the lacquer composition hitherto 
found to be the best. In September, 1887, the vessel was dry- 
docked, when the lacquered plates proved, on examination, to 
be in such excellent condition that the Admiiulty ordered 
the entire keel to be similarly treated. When the vessel was 
again examined in dry dock about twelve months later (Dec- 
ember, 1888), the lacquer was found to be still intact and in 
n<i need of repair, the same proved to he the case in June, 
1889, and April, 1890 ; nevertheless, for some unexplained 
reason the lacquer was then scraped off and replaced by a 
coat of paint However, another series of experiments was 
subsequently made with lacquer on other Japanese sliips, 
and Holte, the manufacturer of the composition, very soon 
held the monopoly of this method of employing lacquer. 

The coating employed by Holte consists of pure lacquer, 
containing an admixture of mica or kaolin, i.c., a perfectly 
inert inateiTal, the object of which is to give the lacquer more 
body and increase its binding power. The various successive 
coatings differ in that the earlier ones contain the largest 
proportion of pui’e lacquer. 

Some time ago a patent was taken out for coating ships' 
l)ottoms with metal by electrolytic deposition The inventor, 
D. W. Crane, has already completed the first practical ex- 
periment with this epoch-making discovery, and a short time 
ago coated one of the large ocean liners with copper by this 
means. Tlie metal sides of the vessel serve as the negative 
polo, whilst the deposited film of copper forms the positive 
pole. The inventor proceeds by placing the electrolytic solu- 
tion in troughs, which are wedged up (or attached by magnets) 
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against the hull of the ship and made watertight by caoutchouc 
joints. The current conveyed through the troughs causes the 
deposition of a layer of copper of the desired thickness on the 
Bides of the vessel The number of troughs employed naturally 
varies according to the area of surface to be coated. The 
individual sections of the precipitated copper unite to form 
a uniform jointless coating, making one piece with the ship’s- 
bottom. 

According to Holzapfel, no favourable result as regards 
the preservation of the ship’s bottom can be hoped for unless^ 
all loose paint belonging to a previous coating is removed ; 
each speck of rust present must be carefully cleaned off, and 
then only should the surface be primed and painted afresh. 
If talc, red lead, or other paint has recently been applied to 
the ship’s bottom, then only a very thin layer of certain 
compositions can be laid on, since otherwise the first paint 
will be dissolved by the vehicle of the second. Many coiU' 
positions unite very well with old zinc white to form a hard,, 
compact covering, which gives very satisfactory results. Zinc 
white is, moreover, the only ordinary paint that will adhere 
on new ships, though white lead is employed, particularly in 
dockyards, and is worthy of consideration where not excluded 
on account of expense. The white lead ensheathmg the 
vessel is attacked by constituents present in the sea water, 
the resulting salts proving fatal to adherent animals. The 
first coating of composition applied to ships during, or shortly 
after, building never behaves very well, the coating becoming 
loose and gradually peeling off, carrying with it the super- 
imposed layers of paint This is to some extent inevitable,, 
owing to the iron having begun to rust while the ship was in 
course of construction ; partly, however, it is the result of the 
different paints used. 

Tar paint, when fresh, is anti-putrefactive in action, but 
necessitates priming with some good composition. 
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The comparatively large number of anti-foulmg composi- 
tions in current use may be divided into two classes : the first 
comprising such as partly prevent the adherence of testacea, 
and partly kill these organisms by the active poisonous con- 
stituents present ; whilst to the second belong those covered 
by a superimposed layer of paint, which peels off, and by so 
doing ensures the removal of the incrusting testacea. The 
property of peeling off is often possessed also by the poisonous, 
paints 



Fia. fill (iiatuml mzo), — Non-peeling anti-fouling ooiuposibion after three 
months’ immersion in water. 

With regard to these compositions, the following obser- 
vations are made by Holzapfel: The best paints are the 
poisonous enamels, which, in addition to possessing toxic 
propertioK, are quick drying, adhere with a smooth surface^ 
and do not peel off. To prevent peeling the mass must be 
applied to the object in layers, each of which is allowed to dry 
uniformly, in order to avoid inequality due to dissimilar 
vehicles. Oopper salts, especially sulphates or oxides, form 
new combinations with the surrounding water, and are 


^218 lEON-COEEOSION AND ANTI-aOBBOSlVl^ PAINTK, 


gradually eaten away, i e,, peel oif. There are other materials 
which also possess dehiscent properties. Holzapfel, a manu- 
facturer of a widely used composition, lays stress on the 
rendering of the preparation suitable to the portion of tlie 
ocean the vessel has to traverse, since tho same formula is 
not adapted to serve in all waters. 

The harder the paint the longer is it likely to last. Paints 
endowed with this property are therefore particularly suitable 



Fig. 60 (magnified). — Non-peehng anti-fouling oompoBition oftov fchroo 
monthB* immerBion in water. 

for the Atlantic passage, whilst the more dehiscent (peeling) 
enamels are better adapted for the impure waters of the 
Indian Seas. In the former case a much smaller quantity 
of poisonous material is required, and renewal is less fni- 
quently necessary than m the latter waters. 

On the question of paints for iron vessels, 1\ Schwarz 
eays : “ The object of the paint is to preseiwo tho ship’s 
bottom from corrosion or incrustation, and to colour the 
vessel above the water line. In the case of warships this 
■colour should be inconspicuous, and for vessels in tropic.al 
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waters should be such as will exert a favourable influence on 
the internal temperature of the ship. In steel or iron vessels 
the principal point is preservation from rust, oxygen being 
present in large proportion in the air and the water, whilst the 
•carbon dioxide of the bilge water has also a destructive action 
“ Moreover, the scale (proto-peroxide of iron) produced in 
rolhng the steel and iron plates, and the varying degrees of 
hardness of the surface developed during the working of the 



"PiQ. 61 (natural size). — Peeling anti-fouling composition after six months* 
immersion m water. 


plates, give rise — in presence of sea water — to a galvanic 
•cunent which leaves deep pittings of rust behind. Eust 
itself also forms a galvanic couple with iron in presence of 
•sea water, decomposing the former, which then yields up its 
oxygen to further oxidise the iron, whilst the liberated 
liydrogen presses up the paint and contributes to its destruc- 
tion. 

“ Consequently the preservation of the hull, and especially 
the protection of the bottom from corrosion by rust, is at- 
tended with great difficulties; and although a number of 
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compositions have made their appearance there is none that 
fulfils all requirements. Such paints must be insoluble in 
water, and sufficiently elastic to yield a little, thus preventing 
cracking, but at the same time should possess a certain degree 
of hardness to oppose sufficient resistance to mechanical 
shocks. These conditions are best fulfilled by a thin layer of 
resin ; consequently many ships* paints are compounded of 
varnish to which metallic oxides in the state of powder are 
added in order to increase the oxidation and resinification of 



Tig. 62 (magnified). — Peeling anti-fouling composition after six montha’' 
immersion in water. 

the oil (this is, however, an erroneous assumption) . Such 
materials include red lead, iron oxide, zinc white, and white 
lead, the resulting paints taking a long time — one to three 
days — to dry. More extensively used are the spirit varnish 
pamts consisting of volatile oils or light hydrocarbon com- 
pounds and dissolved resin, which latter forms a thin, clastic, 
lacquer-like film on the surface of the iron after the solvent 
has evaporated. To this class belong the compositions made 
by Eathjen, Heyl, Dr. Pflug, Von Hoveling, and many others, 
which are widely used in the mercantile marine service. 
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As they dry quickly, almost under the brush, the operation 
of painting requires but little time. 

“Coal tar, which contains solid and liquid hydrocarbons 
and other matters, has also been found to behave well for 
ships’ use when prepared as free from acid as possible, though 
it wears away under uhe influence of sea water somewhat 
quicker than the previously mentioned pamts 

“ Moravia composition, which is laid on either boilmg 
hot or by means of a spatula, also behaves well in sea water, 
but owing to the inconvenient method of application has 
made very little headway. 

“ The destructive action of iron scale, already referred to, 
is obviated in the case of warships by pickling the steel plates. 
To this end the plates of the external skin are immersed for 
half an hour in a hath containing 17 to 18 per cent, of hydro- 
chloric acid, after which they are scrubbed bright with steel 
brushes, and freed from any residual acid by steeping for a 
short time in lime water, followed by a final washing with 
warm water. After this they are generally coated with a thin 
layer of varnish to protect them while the ship is being built. 
Corrosion set up in the interior of the ship, by dirty bilge 
water, chemical action of cargo, or high temperature in the 
engine room and stockhole, is also usually guarded against 
by coats of paint — red lead and silicate paint. In the bilge, 
paint and cement and marine glue stopping are used, whilst 
special named paints — Crease’s paint — are employed in the 
water tanks. Cement being heavy is often mixed with coke, 
marine glue, etc.; and where carbon dioxide occurs in the 
bilge, slaked lime is often used to fix the acid. 

“ At the present time zinc is the best material known for 
protecting steel and iron against rust from sea water. Owing, 
however, to the expense of the treatment only the outer plates 
of torpedo boats, river boats and pontoons are galvanised, 
the thin plates of which o' inch thick) are hable 
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to bocomu oorrcKlc'd throu^^di. In hii;;!* vhipN ;ils(^> 

{i[alvai list'd iron and sti‘rl aiv ust*il lor ItUin'is lApuvrd hi aij* 
and moistnro, whii'h arc cunM*t|ii(‘n(ly liabli' tii be spoilt, by 
rust; but sinoi' ^falviinisin;^^ l(‘iids t<i wakt'U l.bt* nn-lal it 
now falHn*' into tiisiist* lor imporiiint articles such a.cluiitx, 
oablfs, cloats, (‘to. 

In addition t(» tbn f(u*i ositju oi iron <ui slupluiuid by rust, 
tht'ro also ariM‘ injuri*‘s dm‘ to ^^alvanic action Such iiccur at, 
th(‘ storn \vli(‘n bnni/.i* propidlers au* nsrtl, and in bumj^.^v 
valvc'H ; in such cast's it is usual to iMuploy /me ju'otcftorK. 
Fusidt' tlu' ship no coppt*r pipes should be Iisl into the lul^-o^ 
oonaoqiu'ntly tin* lower Icn^d.lis of tlu* piping fnun the punijiK 
aro inado of ^^alvaiiisiMl iron 

‘‘Busidcs anti-oorrosiv«' laimts, spcciiil value attaches to 
conqiositions intendi'd to proU'ct ships' hot loins from in. 
cruRtation hy vn^uitahlt* (al|.(an) and animal unussels, enist^ 
aceii) or{j[aiiiHnis, wliitdi in tropical seas t*s}u*eiallj aernuun- 
late to such an (extent tliat tlie increase in surface fiictnni 
may roducio tin* spt'ud of tin* vessel hy as ninelt as om^ half. 
'I’o ronujve this iuuonvenietua*, which ^(rcatly alh-cK vesHcU 
both of the navy and of tlu^ irn'in'liant service, speeial pamts. 
are omidoyed, or else tin* ship’s bottom is covcied uilh a 
inotal slmathhi^^ uopper bein;.( tin* most ellieacions. *rhis 
metal oxidis(*s uniformly in presence ol st‘a water, tlie r»‘sult- 
iiif? copper tunnpoundH ladn^^ so loosely adlnu’cnl to Ihe nmtal 
that tliey an* waslied away durin;* the passage of llic ship 
throii^di tin* water, earryiiif.^ any inerustalion away with lhi*in. 
Wlieii the ship is at rest tliis action is mon* nnnhiiil; tin* 
copper may then become iiicrusted in eoiirse ol tune, rn* a 
f^^alvanic action may take place lu'twcun the copper ami the 
iron. (k)nHt‘{|U(*ntly {.,0'(»at e.are is necessary lu insiilalr the 
iron plates of tln^ vussol from the HheaLliin^. in the cas** of 
sheathed iron ships, b’or the same naison iron bolts must 
bo dispt'iiHi'd with in fasti'nin^Mnetal slnMitlnn;; on wtHsiin 
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vossels, tluiir iilaco being taken by bolts of copper or yellow 
motal. The ship is then said to be copper fastened.” 

With roference to the composition of the various paints, 
Huminel says . — 

‘‘Por priiiiiiig, Macinues used spirit varnish containing 
iron oxide, this being covered by a heated mixture of copper 
and soap. Gisborne mixed mercury and chalk and prepared 
tliorel'roiu a thick, slow-drying oil paint, which was then em- 
ployed over a layer of red-lead paint. Eathjen’s introduc- 
tion of shellac dissolved in spirit must be regarded as an 
important advance in the protection of ships’ bottoms. This 
solution was mixed with iron oxide, a little linseed oil being 
added in order to impart elasticity to the paint. This pre- 
paration served as a primary insulating layer and was 
covered by a second coating of the same materials together 
with arsenic and mercury. Such paints are characterised by 
groat durability owing to the comparative impotence of the 
salt in sea water towards shellac, whilst the mercury in the 
upper costing lieoomes converted into mercuric chloride, 
which is fatal to the life of organisms. Eathjen’s paints 
being tjuick drying it is therefore possible to apply two or 
three coats in the course of one day. It is, however, im- 
possible to introduce large quantities of mercury into the 
paint, owing to its destructive action on the shellac ; the 
lattor is luori'over only slightly soluble, so that the efficiency 
of the paint is greatly diminished. As poisonous ednstituents, 
mention may also be made of copper and zinc white, and 
othor antiseptic materials, such as hydrazine, have been 
tried ; the most ollicacious, however, are copper and mercury, 
n’he oheapncHH of copper is in its favour, hut nevertheless it 
isaimot bo regarded as perfect, because in case of injury to 
the insulating layer largo quantities of copper are likely to 

olTe-ct the corrosion of the iron. 

“ The action of anti-fouling compositions manifests itself 
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e!th(jr l)y tlieir pc'rlni^^ oil’ nw Mu* voy.i^^r .binl llins lonsi iiin;' 
the adluTt^nt incriiHhiiioji, or rUr 1»\ tin* l.it.il inllneiK*c‘ nf 
thoir poisonous c’oiistitiienl-s -- s.iHh «d’ foppi-i, .'iimuiu- nr 
inorcury — on ilu* lilV of Mu* iiuTUstnij^ or'^aniMiis, whieli an* 
thovohy fiuiKod to f.ill away. Paints of tin* hiiti r Iviml h.ivi*. 
ho\vev<‘i\ tlu* (lisadvania'jie tli;i.t llu' eonlairuMl skills «lrsiroy 
the iinii-eormsivt' ])rini.iry paint and slronnlv ;i.ltaek Ihi- 
motal luittoni. Moi*novt'i% it has not yol hi-eii dolimlely 
asoertainetl whotlier tin* poisonous salts aelnally remove the 
inmistation liy killin^^ tlio orjiianiMns.” 

l^’or tliis reason profereiKa* is iu*(*orde(l to the peeling 
compositions. Jn such eaisi's tho jiroteetuit; paint must he 
ronewod annually, which rondevs it nnsnilahh* for .slops that 
have to inako lon^' voya^(‘s in tropical WHlt‘rs. h'or tin* 
latter, metallic shoatliin^ alTords tlu* he.st protection a'jainst 
inernstation. As refjfai'clH colour, shijis \ oya/L'in-j in tin* tropics 
are always jiainted white alswe tin* water lino ; shijm ol war 
receive a coverinfj[ of ^n’i*y to dirty ^\i*llow paint, thout;lj 
latterly olive has he<*n found nion* siiitalile on aeconnt 
of its renderin^f tlio vessels in*acti(*ally nmleU'ctahle at dis 
tances whereas they can be ])lainly hct‘n wln*n paintt*d in 
other colours, '^i’orpedo boats and despatch Inuits are ^i'in*r- 
ally painted black, whilst tln^ paintinf^ of merchant ncsscIh 
and yachts is altoi'cther a niHitttT (jf tasti*. 

llniumel lays down the followin^^ rmnlamcidal cfunlitioim 
for tho suitability of paints for iron ships 

1. Tho composition must presi‘rvts tin* ships bottom from 
corrosion*; 

2. It must form a smooth snrfaiie, in onh*r to diminiNh 
friction; and 

3. Must dry (pnckly, so as to cnahle the parts lirlow tin* 
water lino to la* cleaned and eoattal with two coals of jiaint 
in a day. 

Ill the case of now slo(d vessels the plates an* {<eneriilly 
covered with a skin, which must he n*inoved hy dij^pinj; in 
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dilute hydrochloric acid; otherwise this layer peels off, 
carrying the paint with it, thus exposing the naked metal to 
corrosion. New ships should also he painted at least once 
every six months until it is certain that the paint has ob- 
tained a firm hold. 

In order to show the relative value of the existing anti- 
fouling compositions, the subjoined table has been compiled 
by W. P. Wierchowski, on the basis of experiments made 
with the Baltic fleet : — 



CoiiHumptiou iK^r 


Weight of 

Oompositioii. 

square fathom td 

Rurfooo. 

Ooflt. 

mernatation 
por month . 


Lb. RoubloH. 

Lb. 

Ijooni Nob 1 and 

7-00 

2-664 

3-704 

Hath j on Nos. 1, 2, 8 

0-18 

4 96 

3-191 

Dubois Nos. 1 and 2 

7-60 

8-72 

6-468 

Perreti Nos. 1 and 2 

7-80 

2-90 

4-868 

Holzapfol Nob. 1 and 2 

7-26 

2-70 

3-108 

Murros Nos. 1 and 2 

9-03 

6-12 

3-776 

Soapstone 

6*26 

0-79 

5-466 

Urban No. 1 . 

6-00 

1-80 

2-82 

Urban No, 2 . 

10-60 

6-77 

2-82 

Red Lead 

0-60 

0-70 

8-02 


Vabious Ship Paints. 



G^shorne's Paint. 



Consists of — 




Moroury . 




5 parts. 

Oliolk 



. 


Load oxide 

. 


^4 II 

7Ano white 

. 


7 n 


(or white load and rod lead) inoorporatod with linsood 
vaniish by grinding. 


Lucchini's Anh-corrodm Gom];>odtion, 


Galipot . 

Pure rottin 
Mineral oil 
Tarponbine 
Monganeflo dio.^ido 
Moroury nrBoniato 
Hod arKnnic 


on dlflsolvod in 

-0 ,y J 

80 and 

16 ,, mixed with 

0 ,, and ground along with 

2J „ and 




226 IBON-GOREOSION AND ANTI-COREOMIVK PVINTS. 


Ga7*r and Dicki)is()}i\s Paint. 

Roain . . 100 parts, disaolvod in 

Oarbon bi-Bulpbido 31 ,, and 

Naphtha . . 18 „ tlio tiltorod Holutinri niKitd with 

Pigment . . 19 , 1 and a ULtlo powdort‘d linns. 

John Haddo?i's Paints for Ships* Iiot{t}7ns. 

This inventor patented the following aouipoHititJU 

Iodine 1 part, dwaolvnil in 

Alcohol 1 ,, and mixed with 

Vegetable or mineral carbon . 20 parts, 

Oarholio aoid .... 2 parts, and 

Iron oxide . , . . 70 „ 

the whole being ground along with a Huitahlo proportnai (d 
linseed varnish. 


Ghoap Pamt fm* Iron SMps, 

Asphalt, or blaok pitch . 600 parts, molted and mixed with 

Hot boiled Imseod oil . 480 „ the whole cooled to 24" (1., and mixed with 

Graphite . . . GOO „ 

Copper orseniato . . 120 „ and 

OoaUtar oil . . • G40 „ 

The intimately incorporated matc^rial is applit'd Imt Uj thi* 
ship’s hull. 


KitoJmigham and Andrews' Paint, 


Hot tar 

Iron oxide . . . 
Resin . . . . 
IjoiuI aoctato 

mixed together and applied wliilHt 


parts 

n 

1 part 

2 parts 


hot. 


Sohnittgnr' a Paint far H/dj)ii‘ Huff limn. 

In compounding thin paint, the invi'iitDi* (Kc.liiull«fr, t)f 
Cologne) waa careful to miHuro its peeling olT- iitiii at. the 
same time exerting a poiHououH cilTee.t— oh hooh hh infeKted 
with any conHidorahlo iiicruHtatioii. The metlmd of pre- 
paration is us follows : 10 parts of copal arc distilled witlj 
continuous stirring until 20 per cent, or so has bccu vap«»r- 
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ised, the vapours being collected and condensed in a separate 
vessel. The remaining 80 per cent, of the copal is then run 
out of the still and rapidly cooled, by pouring into cold water ; 
the mass is then broken up, and dissolved in 90 per cent 
spirit on the sand bath, the temperature being kept as low 
as possible. This copal varnish is filtered, mixed with the 
distilled copal oil, and reduced with spirit ; the aqueous dis- 
tillate must not be added, as it would cause precipitation. 

The following alcoholic solutions are next prepared : — 

2 piirtjs of powdored aloe m 4 parts of 90 per oont. spirit 

2 ,, camphor „ 4 ,, „ 

2 , pitch „ 4 

5 „ colophony ,, 3 „ „ 

these being added to the first one in a large vessel, left to 
clarify, and afterwards decanted from the sediment. Of this 
carefully prepared solution 33 parts are mixed, by continual 
stirring, with 28 parts of Caput mortuumy 3 parts of linseed 
oil, and 3 parts of castor (ricinus) oil. After prolonged stir- 
ring, 10 parts of hydrargyrum oxydatum ruhrum s. flavumh 
aro stirred in, followed by 5 parts of crystallised carbolic acid, 
the whole being then stirred for a further twelve to twenty- 
four hours, and packed in casks. 

if. and F. (?. BmediMs Faint for Slvips, 

Hydrated protoxide of copper is precipitated by reducing 
copper sulphate with grape sugar and potash, the precipitate 
being mixed with carbolic acid, then warmed and incorpor- 
ated with linsood oil followed by some mineral pigment 
The cuprous carbolato presumably formed is claimed to per- 
manently exert a particularly poisonous effect on animal and 
vegetable matters. 

Satin* B Inmnparable” Waterproof Varnish. 

Louis Satin prepares the following composition for pre- 
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venting access of water, rusting, or incrustation by Crustacea 
and plants : — 

For the first coating 40 parts of water-free tar are heated 
and mixed with 40 parts of coal tar and 60 pai'ts of tar oil 
This mixture replaces the usual red-lead and linseed-oil paint. 
The second coat — for killing the incrustation — is made of 35 
parts of oil-free tar, 20 parts of coal tar, and 40 parts of tar 
oil, 40 parts of some poison — such as arsenic, corrosive subli-^ 
mate, mercury arsenate, Schweinfurt green, etc. — being added 
per 100 parts of the mixture. 

Harrison's Gonvposition, 

Parts TiirL'i 

Trinidad piboli . 36 heated cmd mixed with slaked lime 45 

Fmely ground banum carbonate 25 and powdered copper sulphalie . 5 

When mixing is completed and the mass has cooled down 


to 100° Fahr., a suitable 
turpentine is stirred m. 

proportion of crude naphtha 

Cook's 

Composition. 

Shellac 

. 2 parts, 

Grain lac 

i part, 

Gamboge 

. i 

Benzol 

i „ and 

Red lead 

1 „ are dissolved iu 

Alcohol 

8 parts. 


The clear solution is used for the first coat; for tho 
second coat it is mixed with — 

Zino white . . ij part, and 

Verdigris (copper acetate) i part. ' 

CruicJcsha7ik' s Goniposition. 

A solution of resin is prepared, at the rate of 10 Ih. por 
4 gallon of turpentine, to each gallon of which is added 
i gallon of gutta-percha solution (4 lb. per gallon of turpen- 
tine). Each gallon of the mixture is incorporated with III. 
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■ni red mercury oxide, “ white precipitate,” or mercury oxy- 
chloride, and 5^ lb. of red lead. 

Suhmarim Paint for Ships, Quai/s, etc. 

Hydrated copper oxide is prepared by reducing copper 
sulphate with potash or starch sugar, the precipitate being 
incorporated with carbolic acid, and mixed in a moderately 
warm condition with linseed oil and any desired mineral 
pigment. Tho resulting paint is highly poisonous to all 
minimal and vegetable organisms. 

J. M. Liiitoch's Paint for Ships' Sides, 

Twenty parts of ; 5 inc white and 6 parts of linseed oil are 
mixed and thoroughly incorporated by stirring with 14 parts 
■of tallow, previously deprived of moisture by means of steam 
heat applied during several hours. When cooled the mass 
is reduced by agitation in a close air-tight vessel with 7-^ 
parts of naphtha, benzol, or the like, 3 parts of gnm dammar, 
and 1 part of colophony. After the preparation has cooled 
down, which takes about twenty-four hours, the zinc white 
will be found diihised in a finely divided state throughout the 
mass. 

0. L. Burnham's Paint for Ships' Bottoms. 

I’his is composed of seaweed ground, m a green and 
moist condition, in linseed oil, and mixed with oil, litharge, 
Iciad acetate, and turpentine, it is claimed that this point, 
in addition to acting as a preventive against incrustation by 
luolluBca, also protects wooden vessels from the ravages of 
worms bcjlow tho water line. The method of preparation is 
the following : Linseed oil, about 10 gallons, is boiled for five 
hours at 600“ 3^^ahr., together with S lb. of litharge and i Ih. 
of load acetate, and then reduced to proper workable con- 
sistency with turpentine, a pint of seaweed — previously 
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ground in a freshly gathered state in linseed oil — being adde(U 
and the whole coloured by ochre or other suitable pigment. 

Various Anti-coebosive Paint Masses. 

Under this heading may be comprised all such composi- 
tions — paint masses, processes, and the like — as are used for 
painting the surface of metal, although they may not be true 
oil pamts. The value of these preparations is a variable 
quantity, and there are several that would bo very service- 
able if resistance to atmospheric influences were not in 
question. 

BuecJmer's Anh~co7Tos^ve Prepa7*ation, 

In manufacturing this preparation the inventor (J)r. 
August Buechner, of Heidelberg) employs a mixturo of 
metallic zinc and calcium carbonate in a very finely divided 
state, along with some polishing material, such as levigated 
Tripoli, colcothar, or vegetable charcoal, the whole of these 
constituents being thoroughly dried, sifted, and finally bolted. 
The mixture is then incorporated with an alcoholic solution 
of soap of specific gravity 0*925, prepared by mixing 2 parts 
of a soap made of olive oil, potash lye, alcohol, and water witli 
1 part of a soap made from olive oil, hog fat, lead oxide, 
potassium carbonate, and water. To the mixed soaps bonzol 
is added until the limit of limpidity of the solution is just 
reached. The powder and liquid are stored separately, as,, 
when mixed together, they cannot bo kept in closed vessels 
owing to their mutual reaction. Shortly before uso the com- 
ponents are intimately mixed in a basin by stirring with tlu* 
brush afterwards used for painting, 1 part of powder being 
employed with 2 parts of the soap solution. After sotting 
aside for ten to fifteen minutes in a cool place tho mixed 
paint is ready for use. The ironwork to be paintod must 
previously be carefully freed from grease and impurities. 
For articles kept under cover a single coating will sufiic<‘^ 
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but two coats are applied to those exposed to the weather. 
The paint is laid on in such a manner that the sheen of the 
metal surface is no longer visible. The mass dries under the 
brush, and becomes so hard and fast after a few days* exposure 
to the air that it cannot be washed off by even the heaviest 
and most prolonged fall of snow or rain. When the articles 
are to be used the coating can be easily removed by brushing. 
Unlike the ordinary anti-corrosive paints, no resinification or 
greasing occurs in this preparation ; the polish and lustre of 
the metal are also preserved for years, being even increased 
owing to the action of the polishmg materials during the 
removal of the mass. 

Iron and steel remain free from rust for so long as the 
surface is covered with the paste ; the material is also suitable 
for preserving from rust weapons of all kinds, as well as fine 
surgical instruments, machinery at rest, extra machine parts 
and other articles kept in store. 

To permanently protect iron structures from corrosion, 
for instance bridges, girders, and so forth, the above-mentioned 
powdered mixture — minus the polishing material — is incor- 
porated with an alkahne solution of glutin, in place of the 
alcoholic soap solution. This is prepared by agitating a 
boiling aqueous solution of glutin with successive portions 
of a hot, concentrated mixture of sodium borate and potassium 
carbonate, the whole being then gently boiled for half an 
hour. After storing in a cool place for fourteen days in a 
well-closed vessel, and filtering through wood charcoal, a 
clear, non-glutinous liquid of specific gravity 1*0360 is ob- 
tained. 

The method of application is the same as already described, 
the ratio of powder to glutin solution being in this case 
2 : 1 by weight. The paint dries quickly, and, unlike the 
first preparation, sets so hard within a few hours that its 
removal by mechanical means is extremely difficult. Owing 
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to this property, the preparation is highly suitable as a prim- 
ing coat for oil paints, the latter rendering the protective 
layer waterproof and therefore durable. The advantages of 
this material m comparison with the red-lead paints hitherto 
used are self-evident. The paint does not peel off like red 
lead often does, besides which the injurious action exerted by 
the metallic sulphides and sulphuric acid salts present — often 
in laige proportion — in iron oxide paints is entirely obviated. 
Since a single coating is sufficient, the method recommends 
itself ov^ing to the great saving of time it affords, apart from 
the low price of the preparation. 

Ebers* Anti-corroswe Paint, 

F. Ebers & Go., of Dusseldorf, employ linseed oil or 
sonae other drying oil or resin, heated along with 10 per 
cent, of free linolic acid (or other drying fatty acid) and 
copper oxide, copper benzoate, or a compound of copper 
with the fatty acid of a drying oil, until partial or entire 
solution has been effected. The liquid is then filtered and 
mixed with a drying oil in such proportion that the whole 
contains about 2 per cent, of copper and is still rich in the 
free (drying) fatty acid. 

Buechner^s Process for Destroying a^id Premnting Bust 

This method (which is protected under the “Useful 
Design” branch of the German Patent Law) relates to 
the preparation of a mixture of various substances for 
destroying rust immediately and preventing its recuiTence 
— a danger always imminent when rust is removed by the 
aid of chlorides or acids, due to the presence of residual dilute 
acid, etc., on the surface of the metal after the latter has 
been washed. The fact that iron or steel freed from rust 
by treatment with such chlorides or acids soon becomes 
covered with a thicker layer of rust than ever has led to the 
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abandonment of this practice in favour of scrubbing with 
emery and other polishing materials, but this latter method 
has the disadvantage of injuring the unrusted portions of 
the metal ; moreover, the rust is sometimes linaccessible 
to emery on account of the shape of the article to be treated. 
These defects the inventor claims to have overcome by 
means of the following liquid, which immediately removes 
any pre-existing rust on iron and prevents further rusting • 
■conditions essential to any anti-corrosive which has any 
'Claim to practical utihfcy. The material employed consists 
•of rosolic acid, sulphuric acid, tartaric acid, fen-ous sulphate, 
potash alum and vegetable mucilage, prepared as follows : — 

1. Five parts of gum tragacanth are thoroughly softened 
with 200 parts of water and then dissolved by heat on the 
water bath. 

2. Three and a half parts of tartaric acid are dissolved 
m 60 parts of water and mixed by agitation with 0'5 part 
of chemically pure sulphuric acid, powdered rosohc acid 
being added to the warm liquid and left to dissolve. 

3. The two liquids are mixed by pouring No. 2 into No. 1, 
stirring the whole time until a homogeneous mass is produced. 

4. Finally a solution of 10 parts of pure ferrous sulphate 
and 5 parts of potash alum in 100 parts of water is added, 
the whole being shaken up in a flask and filtered through 
glass wool. 

To remove rust from the surface of large objects the 
affected spots are painted over with the liquid, which is left 
to act for some time, and afterwards wiped off along with 
the rust by rubbing with a clean rag. Smaller articles 
which cannot be treated separately, e.g., sewing needles, 
thimbles, knife blades, steel pens, bottle stoppers, steel 
cartridge cases, screw attachments to firearms, etc., are 
■dipped in water containing some of the above-mentioned 
fluid, until all the rust has been removed. They are then 
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taken out of the bath, well drained and finally shaken up 
for a long time in a mixture of dry sawdust G parts, tine 
chalk 3 parts, and 1 part of finely powdered quicklime. The 
preparation does not attack either iron or steel, nor does 
it affect their pohsh. 

Dr. G, Devoir's Method of Treserving Iron from Bnstvng. 

The iron is warmed to about 40° C. over a coke fire (spirit 
or benzine lamps being unsuitable by reason of the water 
engendered dunng the combustion of these liquids depositing 
on the metal) and then rubbed over with a rag previously 
soaked in linohc acid diluted with methyl alcohol containing 
a small percentage of dissolved rosin. The layer resulting 
from this operation, though not perfectly hard, greatly facili- 
tates the adhesion of paint on iron, and prevents the nisting 
of the metal by itself absorbing oxygen continuously. At 
the end of twenty-four hours a second coating is applied,, 
consisting of a workable paint of equal parts of red lead and 
white lead ground in boiled oil and containing up to 10 
per cent, of linolenic acid. According to the inventor this 
mixture of white lead and red lead adheres more firmly and 
is more durable than red lead alone. It should be laid on 
sparingly, and will dry m three hours ; an interval of twenty- 
four hours is, however, desirable before applying the next coat. 

Levoir claims that, treated in this manner, iron will 
withstand both the influence of weather and of salt spray, 
whereas red-lead paint used alone is attacked by sea water 
to such an extent that, at the end of three years, no trace 
of lead can be detected in the scrapings of the paint. 

There are no practical objections against this process^ 
and a test on a large scale is not difficult to make. 

For the preparation of linolenic acid on a manufacturing 
scale Levoir gives the following instructions : — 

Old clear linseed oil is stirred up with 16 per cent, of 
slaked lime and boiled with plenty of water, the operation 
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being accelerated by employing a pressure of 2i atmos The 
resulting lime soap is then mixed, by heat and agitation, with 
IHO parts of 83 per cent, sulphuric acid in a lead-lined vessel, 
the linolenic acid, which gradually collects on the surface, 
being drawn off and washed with water to remove any 
residual sulphuric acid. 


Linolic Acid. 

To prepare liuolic acid, linseed oil or poppy oil is com- 
pletely saponified with caustic soda lye, the soap being 
purified by treatment with hot water and soda lye, followed 
by repeated salting out. The soap is then dissolved in 
a large volume of water, and decomposed with calcium 
chloride, the lime salt of the fatty acids being thrown down.' 
On washing and pressing the precipitate and treating it with 
ether the calcium linolate is brought into solution, leaving 
the lime salts of the other fatty acids undissolved. The 
ethereal solution is next decomposed with dilute hydrochloric 
acid, whereupon the calcimn chloride formed dissolves in the 
water present, whilst the linolic acid remains m solution 
in the ether. The solvent can be distilled off at a low 
temperature, in an atmosphere of hydrogen, after separating 
the two layers of hquid. The impure linolic acid left in the 
still is dissolved in alcohol and thrown down by ammonia 
and barium chloride as barium linolate, which is washed, 
presBod, treated with ether, and recryslallised several times. 

obtain the linolic acid the barium salt is shaken up with 
ether and dilute hydrochloric acid, the ethereal layer being 
then drawn off and distilled as before, the residual acid is- 
then dried under the air-pump, in presence of sulphuric acid 
and a mixture of lime and ferrous sulphate (for the purpose 
of absorbing oxygen). A nearly pure linolic acid can also 
bo prepared by decomposing lead linolate with sulphuretted 
hydrogen and extracting with ether 
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Linolic acid — Mulder's linolein " — is a thin, pale yellow 
oil, of specific gravity 0*9216, at 15° C., with a high coefficient 
of refraction and faintly acid reaction, mild flavour at first, 
but leaving an irritating after-taste in the throat. It does 
not solidify even at - 18° C., is insoluble in water, but dis- 
solves readily in alcohol and ether. When exposed to the air, 
linolic acid absorbs oxygen (about 2 per cent.) with avidity, 
becoming thick and viscous, changing finally into a mass 
resembling varnish. Spread out in thin layers on wood it 
forms a varnish, but on glass it merely thickens. By treat- 
ment with hydriodic acid and amorphous phosphorus linolic 
acid is converted, by the nascent hydrogen, into stearic acid. 
In an undecomposed state it is non-volatile, and the pro- 
ducts obtained by distillation are different from those fur- 
nished by oleic acid. It does not yield sebacic acid. Nitrous 
Acid and hyponitrous acid render linolic acid viscous, without 
any deposition of elaidic acid crystals or other allied acid 
occurring. Nitric acid causes it to swell up considerably and 
‘Change into a greasy resin. Owing to their instability and 
tendency to form acid salts, the linolates ai'e difficult to 
obtain in a pure state. They are white in colour, usuaJly 
non-crystaUine, and separate out in flakes as the hot-prepared 
alcohohc or ethereal solution cools ; when left to evaporate 
spontaneously a gelatinous residue is formed. The salts turn 
brown on exposure to the air, and develop a characteristic 
aroma. According to Hazura, linolic acid is not a pure sub- 
stance, that from linseed oil consisting of — 

Linolenic aoid .... .15 pur couL. 

Isohnolenio aoid 05 „ 

Linolio acid ... . . 5 ,, 

Oleic acid . . . 15 ,, 

while that hom poppy oil is composed of — 

Linolenic acid 5 per cunt. 

Linolio aoid . . . . . GO ,, 

Oleic acid 86 „ 
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In their observations on the phenomenon of drying, Haz- 
ura and Bauer found that these diymg acids behave similarly- 
towards atmospheric oxygen, except that the time required 
for oxidation is different ; linolenic acid and isolinolenic acid 
being the quickest drying. 

Rubber Oil [Anti-corrosive). 

According to the Patent Specification, this preservative is 
prepared by redistilling the crude oils obtained from the dry 
distillation of brown coal, peat, or other mineral resinoua 
substances. Thin in lied india-rubber is cut into fine strips 
and soaked m four times its own weight of the resulting 
oil during a period of eight days, the product being then ex- 
posed to the action of vulcan oil or a similar body until a 
perfectly homogeneous clear mass is formed. When spread 
very thinly over a metallic surface and left to dry slowly this 
substance forms a kind of skin capable of effectually resisting 
atmospheric influences. 

Julcl and BandniU's Method of Protecthig Iron and Steel 
from Busting. 

A permanent layer of oxide is formed on the surface of 
the motal by dissolving 1 part of zme oxide, lead oxide or 
alumina, or the corresponding chlorides, in 3 parts of some 
mineral acid — such as sulphuric, nitric, or hydrochloric acid 
—diluting the solution with 100 parts of water containing 1 
or 2 per coni, of tartaric acid, citric acid, potassium-Bodimn 
tartrate, or sodium nitrate, etc., and utilising the finished 
liquid for dipping the iron articles to be treated. After two to 
ton hours* immersion the iron is dried at 100° 0. in an oven 
until the superficial moisture is dissipated, after which it is 
dipped in a liquid hydrocarbon (e.g., petroleum residue) and 
exposed over a coke fire, or to air heated to the temperature, 
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of combustion of the hydrocarbon. The fiuishtul Hiirtuco 
oan be rubbed over with a mixture of graphite and panillin. 

Banotioiifii Anti-corroamc InsaUitiutj Pitint, 

A resinous substance is dissolved in carbon bi-sul}diid(\ 
a suitable mineral salt, insoluble in watcT, bt'iiig addt‘d to 
the solution at the proper moment, a nilicate being jirefcr 
able for this purpose The general proportions aiv : (-arbon 
bi-sulphide, 100 parts ; resin, 45 parts; and 45 parts tif sili- 
cate or other coloured or colourless salt. The iinislu^d pro- 
duct may be colourless or coloured, dries at once owing to 
the rapid volatilisation of the solvent, leaving a waterproof, 
insulating layer protecting the metal against oxidation, and 
being, in addition, fireproof and impervious to tlu' action of 
acids and alkalis. The paint forms a lustrous, uiialtt*rablcs 
coating, which, on account of its imponotraliility by luoistuns 
can be used in place of glassed bricks or conient in building 
operations or for decorative purposes, litdng of ilu' same! 
colour as these materials, and much cheaper. The ('xcelb^nt 
qualities of the paint are completely developed within a few 
days after application. 

jB. Pollitzer's ProtecMve Surfacs for NctaUic Ohjrcta, 

The bright or oxidised metal surface to 1)(». j)rote(ited is 
suitably prepared by smoothing, and aft(^r wards (U)at(‘d ovtir 
with a thin layer of one or moro drying oils, such as linsc^t'd 
oil, Bankul nut oil, nut oil, hemp oil, pofjpy oil, <*astt)r oil, 
cucumber seed oil, sunflower oil, pine seed oil, cotton stu'd 
oil, grape seed oil, etc., either by dii)ping, by })aiiiting with 
a brush or other suitable means, according to the nietallic 
object to be treated. The article is thtui expost'd, in a suit- 
able apparatus, to a temperature of 2()()‘’ to 400" f«)r Inilt to 
one hour, which troatmont causes tlie oil to form a hard, 
lustrous, elastic, and firmly adherent mass. 
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Cosmann*s A }iU-GorrosivG Pa'int. 

Dr. Cosmann (Ger. Pat 93,854) employs the peroxides of 
the noble metals cerium, didymmm and lanthanum, which 
act on linseed oil like the heavy metals. These orange-red 
to straw-yellow coloured oxides are of lower specific gravity 
than the heavy metals ; they are therefore more economical 
weight for weight, easy to prepare, and are obtained as by- 
products from monazite sand. Since when ground up with 
varnish, they form paints of good covering power, it seemed 
feasible to impart to these paints both drying properties and 
a lacquer-like character by heating them to 150° C., for some 
time. By this means an exceedingly good covering pamt, 
which is quick drying and extremely durable, is obtained ; it 
is suitable for painting iron, requires no priming, and forms 
neither wrinkles nor cracks. These earths are absolutely 
neutral bodies which, unlike metallic oxides (micaceous iron 
ore, zinc dust, etc.), exert no galvanic action on the iron ; 
moreover, they are able to resist even strong acid fumes, and 
consequently are endowed with all the properties required of 
an anti-corrosive material. 

Lemido Borgnini's Method for Qoatmg Sheet Metal loith an 
Acid- and AlcQhol-resi8ting Layer, 

An excellent medium for coating or painting sheet iron, 
especially the walls of vessels used for the conveyance of 
wine and other ]i(]uids, is afforded by shellac, this substance 
protecting the metallic surface against the action of the acids 
and alcohol present in small proportions (less than 25 per 
cunt.) in the said liquids. 

l^he hot method of lacquering with shellac is performed 
in the following manner: The sheet metal must first be 
thoroughly cleaned and treated with dilute sulphuric acid, 
whereupon the application of the shellac is proceeded with, 
on a small section of the surface at a time. With this object 
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the part to be lacquered is heated, and when the requisite 
temperature is obtained the shellac (in sheets or scales, as 
met with in commerce) is placed on the heated surface, 
where it melts and can be distributed by means of a brush 
or other suitable means until the layer is of the desired thick- 
ness. On cooling the metal the lacquer will be found hard 
and Bohd. 

The crux of the operation is the determination of the 
proper degree of heat to be applied to the metal, since, if 
insufficiently high, the lacquer, though melted, will not ad- 
here but breaks away under the slightest shock, whilst if the 
heat is too great the shellac is to some extent burned, or at 
least becomes spongy and therefore useless. 

As soon as one part of the metal has been covered another 
portion is treated in the same manner, and the operation 
continued until the whole surface is lacquered over. The 
layer should be about ^ of an inch in thickness. 

Shellac can also be applied by the brush in the form of 
an alcoholic solution, as it dissolves very readily in this 
liquid. To prepare such a varnish the shellac is converted 
into coarse powder which is placed in an excess of alcohol, 
so that the undissolved residue is small in amount. The 
mixture is boiled and stirred for about a quarter of an hour 
to complete the solution, and is decanted after two hours' 
repose. 

This varnish is brushed over the previously well-cleaned 
metal surface and thoroughly dried by exposing the sheet in 
a room warmed to 30° to 40° C. A second layer is applied 
in the same way, and so forth, care being necessary that each 
one may dry properly before applying the succeeding coat. 
Eight or ten applications are needed to produce a layer of 
sufficient thickness to be resistant. An addition of !5 pc^r 
cent, of hydraulic cement can be made to varnishes of this 
kind, no difference being made in the mode of application. 
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The slieet metal may also be coated with a layer of hy- 
draulic cement before the varnish is laid on, with which 
object a little cement moistened with an agglutmant liquid 
may be brushed over the cleaned surface of the metal, so as 
to produce a thin coutinuous film. After this film is dry a 
second layer of cement is applied m the same manner as to 
the surface of a wall. Then, when the cement adheres and 
has become quite dry at the ordinary temperature, the surface 
is washed over with a 20 per cent, solution of tartaric acid, 
left to dry thoroughly, and topped with a 4 per cent, alco- 
holic solution of shellac, laid on warm (about 50° G.) with 
the brush. Instead of this varnish the cemented surface may 
be covered over with a layer of 36° B6. water glass (sodium 
silicate), applied in five or six separate coatings, the surface 
being washed over with hot water when dry. Alternatively 
the cement may be brushed over with melted paraffin (temp. 
150° to 200** 0.) in sufficient quantity to impregnate the mass, 
the surface being finally washed carefully with hot water. 


Tticqclmann' s Anti-cm^oswe Paint, 


Ordinary linseed oil paint is mixed with 10 per cent, of 
calcinod magnesia, baryta or strontia, and mineral oil. This 
is claimed to neutralise the free acid of the paint and, in 
consequence of the alkaline reaction, preserve the iron from 
rusting. To keep iron free from rust when embedded in the 
earth the metal is coated with a mixture of — 


Pino roaiu 
(UiUa-puruha 
ParuHiu 
Magiiosia 
Mmoral Oil. 


100 parts. 

25 „ 

CO „ 

20 „ and 


For UHG on machine parts the paint containing ‘20 to SO 
per cent, of magnesia or calcined dolomite is mixed with 
vaseline to keoj) it from drying. 

l(i 
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Unalterable Pa^nt for Cast Iron. 

The articles are cleaned with weak acid, dried, and rubbed 
over with a file, wire brush, etc., to make them quite smooth. 
They are next rubbed several times with ordinary crude 
petroleum and allowed to dry after each application. A dark 
glossy appearance is then imparted by friction with a stiff 
brush made of bristles, which glossy surface remains un- 
affected even by the heat of a stove, and affords an efficient 
protection against rust. Having thus laid the foundation foi* 
a lustrous exterior, it will be sufficient to afterwards simply 
rub the surface over with petroleum and polish with the 
brush to form a progressively increasing gloss of dark shade 
on the surface of the cast iron. 

Gelder's Antircorroswe Paint. 

A solution of sodium silicate (water glass) is added to one 
of zinc acetate, and the freshly precipitated zinc silicate is 
mixed, whilst still moist, with linseed oil and zinc white. 
According to Simon, the zinc silicate prepared in this manner 
is not free from water of hydration, and consequently the 
power of resisting the effects of weather and of affording pro- 
tection against rust is imperilled. If, however, the product 
be gradually calcined, it wall not sinter — if properly handled 
— but can be readily ground to a fine powder, then forming 
a pigment which meets all requirements. 

Anti-corrosive Weatherproof Paint Ooniaining Paper. 

Starting with the idea that a simple wrrapping in papor 
suffices to protect iron and steel from rust. Cross and Bevan 
patented a process for dissolving paper or cellulose, and thus 
converting it into a suitable form for incorporation in paint. 
Ainmoniacal copper oxide being at once too dear and incap- 
able of yielding satisfactory results, the inventors dissolve 
cellulose paper in 15 per cent, caustic soda lye, and treat the 
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product with carbon bi-aulphide for two to three hours, where- 
upon a yellow-brown mass is formed, known as cellulose 
xonthate or viscose By dissolving 16 parts of this mass m 
100 parts of water the paint is formed, and can be mixed 
with lampblack, red lead, colcothar, or other pigment as re- 
quired, a drier, such as lead acetate, magnesium chloride, 
etc. , being added just before use. This renders the paint hard, 
weatherproof, and perfectly unalterable ; it adheres equally 
well on stone, wood, or metal, and does not peel off like 
lacquers and varnishes. It is stated that this preparation has 
proved very satisfactory as a paint for iron ships. 

HydroferrocyaniG Acid as an Anti-corrosive. 

The articles of iron or steel to be treated are painted over 
with a solution of hydroferrocyanic acid or hydroferricyanic 
acid in conjunction with a strong acid, this treatment result- 
ing in the solution of a small proportion of the metal and the 
formation of a very good anti-corrosive layer of insoluble 
double salts on the surface. According to an improved modi- 
fication of this method the aqueous solutions of the above- 
named acids may be replaced by their alcoholic-aqueous solu- 
tions with or without an addition of oil, the advantage being 
that these are better distributed over the metallic surface, 

Hoheyiherg's Paint for Metallic Articles. 

The cleaned surface of the articles — especially tins for 
conserves, pudding moulds, and aluminium flasks — is covered 
with one or more coatings of a mixture of permanent white 
(barytes or zinc sulphide white) and egg albumin, and when 
dry exposed to the action of boiling water or steam 

Plastique Bourdin. 

This is a paint intended to protect wood or iron from the 
action of acids. It is prepared by melting together powdered 
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wood charcoal and reain or colophony, with an addition of 
boiled linseed oil, vaseline, spermaceti and bone black, in 
varying proportions, which are determined by the colour, 
viscosity, and distributing power required , reain and wood 
charcoal are, however, prescribed as principal ingredients in 
all cases. For use, the mixture is melted, and is said to form 
a hard solid coating unaffected by acids 

Metal Pamt from Spathic Iron Ore, 

D. Aichelburg, of Billach, Garynthia (Ger. Pat. 75,788),. 
employs the native iron ore known as sphaerosiderite (ferrous 
carbonate) or white iron ore, which by careful grinding and 
levigation is converted into “Montanite*’ paint for metab 
The preparation, however, has a lower covering power than 
other iron oxides, though it is much dearer than the latter. 

Silver Slag as an Anti-corrosive Pa%nt, 

Silver slag, having a high percentage of silica and con- 
taining lead and zinc in the form of silicates, is capable of 
absorbing considerable quantities of varnish, and is perfectly 
indifferent towards chemical reagents It is stated that ten 
years’ practical experience with paints containing at least 40 
per cent, of this pigment has led to the conviction that their 
anti-corrosive and weather-resisting properties are superior 
to ordinary lead paints. , 

Bohsoiis Metal Paint 

consists of resin pitch, either alone or m conjunction with 
residue from the distillation of mineral oil or ozokerite — or 
with any other pitch that is miscible with paraffin — to which 
is added mineral oil or other oil. The object of the invention 
is to produce, without any admixture of drying oil or volatile 
solvent, a paint mass which will become fluid when hoatod, 
is of low viscosity, and possesses just sufficient tackiiicss to 
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•cause it to adhere to the metal, so that it can be distnbuted 
by the brush without difficulty 

Walter and Stones Anti-corrosive Paint 

Tannic acid and some agglutinant substance (gum-arabic 
dextrin, etc.) are dissolved m water or glycerine and mixed. 
This mass when applied to iron or steel in the ordinary 
manner by the brush forms a durable and efficient coating 
for the most part insoluble in water and constituting a good 
siibstratuin for other paint and lacquer 

Matthew's Gaoutchouc-graphite Paint, 

The mass for this paint, which is intended for metal 
roofs, and wooden structures of all kmds that are exposed to 
water, is invented and patented by Matthews of Harrisburg 
<Pa.), and consists of a linseed oil solution of caoutchouc 
ground together with gra^Dhite to a thick but readily distri- 
butable mixture. 

Heald's Anti-corrosive Paint, 

Having repeatedly observed in the dismounting of gas- 
ometers that, whilst the old iron plate was generally corroded, 
the inscriptions marked thereon for transit purposes re- 
mained entirely unaltered, John Heald, of California, formed 
tlie idea of trying a mixture of white lead and turpentine as 
a rust-preventing coating for iron, and found that by using 
iinoly ground white lead in suspension in turpentine spirit 
the metal neither rusted nor scaled on the parts covered with 
this preiiaration. 

Sundry Paints for Iron. 

I. Twenty-four parts, by weight, of asphalt are dissolved 
in a flask in flt) parts of benzol at a moderate heat over the 
sand or water-bath, and when this is complete the liquid is 
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left to settle in a warm place (.16° to 19° C.),' separated from 
the sediment by decantation, and mixed with a solution of 
2 parts of hard elemi resin and 1 part of copaiba balsam in 
benzol, the whole being reduced to the proper consistency b^' 
an addition of the same solvent. 

No objection can be raised against the usefulness of this 
preparation (‘‘iron lacquer”), but the employment of copaiba 
balsam makes it too expensive for use on a. large scale. 

2. Fifty parts of poppy oil are well boiled, and at once 
added to a mixture of equal parts of litharge and man- 
ganese hydrate, the whole being well stirred, incorporated 
with 25 parts of benzine, and left at rest for twenty-four 
hours. 

It may be stated that linseed varnish and benzine would 
produce the same result at less expense. 

3. A 10 per cent, solution of flowers of sulphur in tur- 
pentine is prepared and mixed with half the quantity of 
hnseed varnish, added by instalments. A quantity of graphite- 
equal to the weight of sulphur used is then stirred in along 
with an amount of dissolved asphalt equivalent to the linseed 
oil. The preparation should be slightly warmed before use. 

4. Ten parts of water-free tar, deprived of every trace 
of acetic acid — or ammonia and its compounds if coal tar 
be used — are boiled and mixed with 2 parts of graphite and 
1 part of red lead. After the whole has been well boiled 
together, 1 part of flowers of sulphur and 2 parts of cal- 
cined pumice powder are thoroughly mixed in by stirring. 

This is about equal to any good tar paint 

5. Equal parts of verdigris and white lead are stirred up 
with 3 parts of linseed oil until a thick pulp is formed, 
whereupon 1 part of hot turpentine, 1 part of zinc dust, and 
1 part of chalk are stirred in. 

This 18 a linseed oil paint devoid of any special advantage 
over others of this class. 
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6. Twenty-six parts of paraffin are dissolved m 80 parts 
of crude petroleum, and added to a mixture of 40 parts of 
linseed oil, 20 parts of flowei-s of sulphur, and 36 parts of 
pine resin. 

The paraHin-benzine solution renders the coating soft 
and unstable, but it is useful for certain purposes. 

7. Equal parts of a 50° Be. solution of water glass and 
finely powdered zinc white are well mixed and stirred so as 
to produce an easy working paint. 

Zinc white will not mix with water glass without co- 
agulating and forming an unworkable mass. 

8. The articles to be treated are placed on a grating in 
an iron cylinder, the bottom of which contains small coals- 
On closing tho cylinder and raising the lower end to red 
heat, the articles become covered with a shiny coating of 
magnetic oxide which decreases in lustre the longer they are 
left in the cylinder 

This method is highly suitable for small articles. 

Various Means foe Peeventing Bust. 

Fatfi^ Oils and Compositions prepared therefronn. 

It has already been mentioned m a previous section that 
fats and oils afford good protection from rust in cases where 
such protection is only required to be of a temporary charac- 
ter and no exposure to the action of the weather is in ques- 
tion. The function of these fats and oils consists in forming 
an impervious, rust-preventing layer on the iron, which being 
easily damaged by mechanical influences, can be of value 
only for objects that are to be kept stored in closed rooms 
and not those which are to l>e used. 

When prolonged storage is in question a selection must 
be made, among the fats and oils, of those which are least 
susceptible to the influence of atmospheric oxygen, and con- 
sequently have the smallest tendency to form fatty acids, 
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because these acids attack the metal and form with it com- 
pounds of a rusty-brown colour. Though tallow is often 
used for greasing ironware, it is one that very soon becomes 
converted into a rusty-brown mass, and aJlows the iron to 
rust. Liquid fats (oils, e,g.y olive oil) exhibit a still greater 
tendency to form rust, though this inconvenience may be 
minimised by boiling the oil for a short time with anhydrous 
sodium carbonate, whereby a slightly alkaline reaction is pro- 
duced. A better result than that obtainable with vegetable 
oils can be ensured by using mineral oils, either alone or in 
combination with ozokerite (ceresin) , or vasebne, the best of 
these, however, being wax and paraffin dissolved in benzine 
or turpentine. Wax and paraffin being neutral substances, 
exhibiting no acid reaction, therefore cannot give nse to 
the formation of rust on iron. 

Preventing Bust by Coating with Oxides. 

The formation of oxidised coatings on iron is an old- 
established practice, which includes the process of “ brown- 
ing”; nevertheless the method has never produced any 
noteworthy results, since the protection afforded is generally 
by no means permanent, and is suitable only for small 
articles, on which it can be frequently renewed, whilst for 
larger articles the tedious and expensive nature of the 
operation precludes its employment. For the sake of com- 
pleteness, however, a few of the methods used are described. 

Bronze-coloured Oxide Coating for Iron. 

All the knowm methods of bronzing or browning iron 
by painting with acid solutions of copper or iron, drying 
the same in the air, brushing off the rust thus formed, and 
repeating the operation, produce simply a light or dark 
red-brown coating on the surface of the metal. Even the 
Barff method, in which the iron articles are heated in 
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superheated steam, are merely capable of forming a black 
film of oxide on the iron. Moreover, the two last-named 
methods present the disadvantage that the film of oxide 
soon peels off, thus affording an opportunity for the for- 
mation of rust. Again, though iron goods can be coated 
with copper or brass by dipping in solutions of copper, 
etc., or l)y galvanic methods, the coverings peel off after a 
short exposure to moist air, particularly if the surface of the 
iron was not perfectly bright to begin with. With the pro- 
•cess now to be described, however, iron goods, especially 
for artistic purposes, can be easily coated with a fine, 
bronze-coloured film of oxide. This will resist the influence 
of moisture lu a fairly satisfactoiy manner, and, more- 
over, the production of any desired shade of bronze can be 
effected by simple means. With this object the articles, 
scoured bright and freed from grease, are exposed for two 
to five minutes to the fumes of a heated mixture (1 : 1) 
of concentrated hydrochloric and nitric acids, the heating 
being continued until the bronze colour is visible on the 
surface of the goods. T'’hGn, after rubbing them over with 
vaseline!, they are heated again until the vaseline begins to 
decompose, whereupon they are cooled and rubbed over 
with vaseline a second time. The fumes of these two acids 
produce a light reddish-brown shade of bronze, but when 
acetic acid is included in the mixture, the coating of oxide 
formed on the iron is of a handsome bronze-yellow colour ; 
and all varieties of tone, from dark to light reddish-brown, 
and from dark yellow-brown to light bronze-yellow, can be 
liroduced by modifying th(i composition of the acid mixture. 
Iron T-rods, five foot long, for iron coffers, coated with a 
layer of oxidt! in this manner, have been found entirely 
unaffected at th(3 end of ton months, although continuously 
^‘xpoHod to the acid fumes impregnating the atmosphere 
‘tif the laboratory. 


liSO iU(iN-(Mii{iu)su>N \M> \\'rr'Ct)jn;nsi\ i. I’Mnts 


This indhod of iron from niMtiMij ih luisfil nn 

the. conjoint aijplifatitm (»!' siliralfs niul 'rho arliolo^' 

of cast 1 ) 1 * wroujfht iron arc coated witli a sjlii'i»rmn maicniil 
Ijy bniHliin^^ or (liiipin^jf; tin* coatiiij^^ ilrii*s riipiilly, ami on 
licin^f (‘xpos(*(l to a suitiiblt* (lc^ri‘(* of boat bcconu's Ii*ttu*rn*il. 
is Haul to Hoak into tin* port^K of llu* nudal ” ami ubt*n cold 
foniiH a donut* and uniform dull black covi‘nn^'. winch tlocs 
not alttu* on prolon^U'd (‘xpomin* to the atmoHi>lu*n*. iu*ifbcr 
docs it btioomt* loost*, or p(‘cl otf. 'Phe addition i»f vilrMiim 
pignumts to tlu' siliceous material protluct‘H vt*iy litmdMimc 
decorative otlccts far surpassing tliosc obtainable by painting 
in tVu* ordinary inaniuu*. 

77//rm////l'.s* Pnurss, 

Tliimiiult luiH invented a process ftn* ctilounng irtui and 
steel, which is inti'iulod to protect these inatmiulH frtjm lUst 
and at tlic saino time iiujirovo their appearanee : the inetlmfl 
is widt*Iy uHe<l and has proved itsi'lf <‘lllieit‘nt. 

The following niixturus are given in the inventor’s Patent 
Hpecilication as suitable for use in the proeess ■ tnquid No. I 
contains mercuric chloride and sal ammoniac ; No. \1 con 
sists of fciTU! chloridi^, tmjn'ic suljibatr, nifric acitl. »ilc*obol 
and water; No. contains ferrous chloride aHHoeialcil witlt 
nitric acid and water; and No. 4 is a weak solntiiui of potas 
sium sitlphidi*. ^Plie articles, jireviously c|i*itEu*tl thorijughly 
and freiul from grease, are given two coatings of lupnd No. I 
by the aid of a sjionge slightly nmisteniMl therewilh. the 
HC'c.oiul coating not being applied nntil the erusl of oxidt* 
prodiicc^d on the metal has been tboniughly lined, Hcrnldieil 
over with lilack oxide of iron anti a iirnsh, and drieti with 
a linen cloth. The saint* jiroc.odure is adopted in sub 
sotiuent treatment. Sev<*nil coatings of Nt>. l!t{uul an* 
given and then litjuid No. d is a}iplit‘d, tlm sponge lieing 
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m this case thoroughly soaked in solution. After drying for 
ten minutoB tho articles are transferred to a hath of hot 
water at 90" to 100° C., where they are left for five or ten 
minutes according to their size. "When taken out again and 
dried they are coated several times with preparation No. 3, 
followed by a coating of No. 4 and by re-immersion in hot 
water. Q’hey are next rinsed and treated several times more 
with liquid No. 3 applied by means of carded cotton wool, 
the liquid being progressively diluted with water. A little 
olive oil is then brushed over the goods, which are after- 
wards rinsed, placed in hot water (60° C.), and on removal 
nibbod woll with woollen cloth, a little olive oil being used 
towards tho last. Wrought or cast-iron goods treated in 
this iiiamior present a handsome black, glossy appearance^ ' 
especially when they have been finely polished. 

Inoxidation Process foi- Cast Iron. 

The cast-iron articles such as gasaliers, water pipes, or- 
iiamontal pieces, balcony railings, saucepans and the like are 
laid on an iron slide about twelve feet long and heated to 
about (iOO" to 700" C. in a special furnace, an oxidising flame 
from a gas generator being employed for the first fifteen 
luinutcH, followed by a reducing flame for twenty minutes. 
Whim taken out and cooled the articles will exhibit a uniform 
slaU'-bliic appearance and maybe easily enamelled and de- 
corated ill any convenient way. When enamel is employed 
the UHiuil pickling with acid is dispensed with, the enamel 
coiiseiiucntly adhering excellently. Many articles treated 
by this method have boon exposed to the atmosphere out 
of doors fora couple of years without tho slightest trace of 
rust being formed. It has been proved by numerous experi- 
ments that the tunsilo strength of iron is but slightly reduced 
by this inoxidatioii treatment, and in fact not more than 
usually results from heating to redness. With regard to the 



inu\-('tHM:nsin\ \\l» WI’I . 


‘i.Vi 

durability of tlu* supurjiiMal la\<T uiubu a liuji hrol, ii bus 
boon as(a»rtaintnl iluil. in tlu* oiist* nf wnm^iht iimu olnppm';-“tt 
first occurs at an avoni^a* tciision of iilnuit twn ton-i o.iUl'i 
kilns,), whilst in cast iron if (lcii‘S luU l«ioM‘n r\<-n uiuliu a 
Imaikin*,;; load, 

fnm (ilft'.r Dmttil (Ir J) r un/Zn luw/rA "i, 

'Phis coat iiijL^ has bt‘cii rccomnicruljul us a cIn'iLp nutlnul 
ol ]m)t(HMiinp iron |)ipcs from the influciici's b) winch llu-v 
arc sul)J(*(jto(l wlum laid inulcr|i^u‘oiind. 'IMic •‘la^'.c c* cum 
pounded of luO parts of povvd(*nsl crvstiil ;;lasf., *20*.') pints 
of soda and 1*2 jiarts nf bone acid. M'hcst* inprodicnts 
carotully mixed and fused in crucibles, I ben •[iicnclicd m 
water, poundc'd and {,[round to a very soft pnwiln. ^Ptu* 
pip<is or other iron articU's to be* tfbi /****! utn fir.! cleamnl in 
the usual manner by picklin;', Uuui dried ami cii\rrctl wnh 
a vury tliin layis* of ^um-arabic (or other ae»;lufmauti. o\er 
which the jailvcrisod ;^daxe is afUu'Wurds shtasn. \ft* r 
driviii^f out all moisture liy heating the articles lo alnnit 
!()()" (b tilt* tciuperatun* is raised hi a tiull n*d iuMt, whteli 
fuHOH tho j^da/i(‘, Wlmn tin* eoatiiif^ is uniroriii it iidhiueh 
vi*ry stron^dy to tho surfaco of tin* iron and resist t nil i \ 
it'rnal inllu(‘ncoH. It is tlu'ivfon* particularly suilaldf* fm 
iron pi[)t*H that are. rt^piired lo [josschs sp<‘eial jinwers nf 
resistaiioe to t'xti'rnal iiilluone.es, hut is ton rvpeie.ivc Inr 
ji'ciioral uHo. 


llnnli/mfttfUi^fi Frrnufs n.r/r/f Mtthmi 

1\) pn^paro a mntallie, surfaet^ tin* iron ai tides me Jirhf 
dipped in a batli of boiling' eiiustiti sotla ib.p. MO Ci.mnl 
thou immersed iii-a stusond bath conlainiiifjf eauslie soda super 
safcunitod with iron oxide (oitlier rust or the pr(*eipiiiilt*d oxide). 
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Dc Meritens' A tih-coQTosivr 

The procGHS consists in immersing the goods in a baili 
ordinary or distilled water heated to 70“ to 80*’ 0 , where tl 
are exposed to an electric current for one to two hours, whe 
by, through the action of the liberated oxygen, the surface 
the niotal bocoines coated with iron proto-peroxide, wh 
resists the action of the air and protects the underlying me. 
The hydrogen collects at the other pole, i.t*., the sides of 
vessel, or plates of carbon oi- metal suspended thereon. 1 
current should nob be stronger than is necessary to docc 
pose the water. The coating may be polished with clean 
brushes, b'or the treatment of steel, ordinary service wa 
will auttice; but with wrought or cast-iron articles 
inventor’s attoiiipts wei’o uiisnccessful until he ompb 
distilled water and allowed ihi) cuiTont to act foi’ a wl 
with alternated poles. 

PotanHiutib BieJiromatii m an Anti-corrodm, 

This salt is said to bo a useful ilieans of preserving i 
from rusting. The metal is painted over with a concontro 
solution, and the articles when dry are heated for a coup! 
minutes iu a stove or over a wood charcoal (iro, whereby 
chromic acid is reduced, irc^ating must be continued n 
no yellow coloration is observed in the water employed 
rinsing the. gotids. The requisite degree of heat is iiscertai 
by a ])relimlnary exporimenb ; the omploymout of hif 
temperalurcm results in the production of a glossy b 
coating. A similar coating can also bo obiainecl by proc 
ing in the above-described manner, but using in place of 
potaHsium hicliromafce a solution of 1 part of sal ammo 
and yO parts of fibrous sulphate iu 60 parts of watei*. 


Mt'thnd of lldnlt'iiuiii Stn! nnil i nit nof Ixu^i 

'riu* linislu*(l and cli'aiu'd ah- linilfd In mt-ipifnl 

r(‘(lnoKS, ainl, whilst in (lii.s ctninlitiiui, ^’.tic‘\\n wiih lin«‘l\ 
powdrml nuistic potiiHh, wIirrtMipcin (hey .iif irluMltd li> 
thr saiur I’ooltsl in waifr, imkI ruhlu'il drs willi »» 

W()c)llt*n ra^. imw firusliisl tlnw mind ni'iilnr hi* 

j^rouiul iu)r jkiIihIhsI. 'TIh* only ditViniilly in sfliu’linf^ tln^ 
n^ditdnRmi nf luiat to apply, in nnh*r In k**t*p Ihc nirtiil fmin 
laiinf^^ (jV('rIiiirdt'nod. l)n tin' otln'r hand, fhn iid\anliip,rN *»! 
llio motliod art*.: thn Inirdnimd surfiua-H nllhi \<‘iy pitdniipi'd 
ruMiHianoti to runt, whilst at thn Kiuin* tinu* IIm* li.indHiuim 
nnifnmi li^dit f^av.y (inlniir is rnlinviiif; tn tin* I'y*', and inijiarts 
to tho articloK an appnarama' of f^rnatt-r stri'ii'illi tuitl s^^htli- 
noHB than is tin* ciiscj with iJolishiid tonln, 

IlanamaHy (Jharlotlnihrnj ((Inr, Put. ‘i^hSOd). Imn and 
Htool artitilfs am oovnivd with an anli-rnrrn.sivi^ tMiatin^ h> 
lu'atin^Mihnni hy nK'iins of an nUs'trir I'niTi'iil in an alinnS' 
pliero of ammonia, ntc.., capalih' of I'nrinii^j a mlndr. or m a 
Holution of a nitritn fonuin^^ iliiid from Kiinh 

Ihdtish J*atnifs for Anti-rorrosiot' and A nti-fouhntj 

Tlio Hat of Pritish Pattints for lumipositionh to ht iiM'ii 
as pr«8('rvativ<iH for iron and an anti-foulin;^' painfs i« a lonn 
ono; wo Hhall thorofon' ooidcnt. oursidvoh with a short Ind of 
the most important onos and tlio.so vvhirli appmir to ho of 
laoHt valuo. 


* / H'ti-rorrosi rr ( JompuHititdifi, 

mi. 

No. 15)47. dnsrph ]Vnttioood and Uohtri lUidhv, hon 
ships or vohsoIh an^ first r.oati'd with lilaok varnish and thm 
with a layor of asplialt or a ooatin^^ of Innlod oil and IilarK 
load or black varnish, asphalt and spirits of niiphtlia. 
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No, 442 William By cler and James Ryder, — The com- 
positicjn for coating metals is made by dissolving 2 lb. of 
gutta-percha and 4 lb. of common rosin, tar, or pitch, and 1 
oz. of gum shellac by heating to 160° 'F. with 4 gals of coal 
naphtha. Asphaltum may be used in place of rosin or pitch, 
and oils from bituminous schists in place of coal naphtha. 

1855. 

No. 4. Georr/e Cram and John Jackson Crane. — A com- 
position containing white lead, red lead, litharge, japanner’a 
gold size, boiled linseed oil, and turpentine is used for the 
purpose of protecting ships’ bottoms from the action of sea 
water, also for preventing the adhesion of animal and veget- 
able matter. 

No. 2931. James Edgar Cook,— The composition for pro- 
tc^cting iron, etc. ; is composed of shellac dissolved in methy- 
lated spirit or wood spirit. 

1857. 

No. 3839. Edouard Beckmann Oio/so/i.— An improve- 
ment in the manufacture of pigments or colours for preserv- 
ing iron ; the composition named by the patentee “ minium 
grey *’ or “ diamond colour” consists of graphite, linseed oil, 
white marble or calx and sometimes a small quantity of 
sulphur. 

1868. 

No. 1377. William Blizzard.— Amonget a number of 
<*.laimH tho patentee proposes to use a solution of india-rubber 
or gutta-percha combined with resinous or spirit gums for 
coating iron, etc. 

18(;4. 

No. 928. John Campbell Evans andJoJm Galvin Thorwp- 

The material used by the patentees consists of finely 

<livi<Uid copper or zinc mixed with a suitable proportion of 
drying oils, varnishes, bituminous or other adhesive com- 
pounds capable of withstanding sea water. 
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No. 1804. Henry Edward' Francis De Bmon. — The 
composition proposed by the patentees consists of vulcanised 
india-rubber 750 parts and mineral pitch 260 parts, melted 
together. 

No. 3164. De Brion. — A composition for protecting 
metals is composed of gum benzoin 46 oz. and alcohol or 
methylated spirit 1 gall 

1885. 

No. 15,231. J. Blenkinsop. — A paint consisting of rosin, 
naphtha, pine varnish, and boiled linseed oil together with 
zinc dust and zinc oxide is employed for preventing galvanic 
action. 

1890. 

No 1821. G, B. Philhps and H B. Leiois, — The inven- 
tion consists in applying a coat of lead or anti-foulmg paint 
and, after drying, powdered copper is put on and well rubbed, 
m, or it can be mixed with the paint 

1896. 

No. 25,675. A. (7. Furse. — Finely powdered alumimum 
metal is mixed with a suitable medium such as liquid cellu- 
loid or shellac varnish. 

Anti-fouling Paints. 

Anti-foulmg paints depend largely for their value upon 
the presence of poisonous products which are slightly soluble 
in water, and therefore dissolve slowly or are capable of being 
injested or absorbed by marine organisms with fatal effects. 

1852. 

No. 855. Bohert Morhmer Glover — Claim is made for the 
use of arsenite or arseniate of lead with or without the 
addition of red or yellow “ sulphurets ” of arsenic. Arsenite 
of copper is also added 

1854. 

No. 253. Albert Bohinson. — The composition consists of 
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black lead or plumbago, together with gums, fatty, resinous, 
or waxy matters, gutta-percha, caoutchouc, or other medium, 
and to prevent the adherence of marine animals and plants 
to this polished surface poisonous materials such as oxides 
and “ sulphurets ” of arsenic, oxides of the same in combina- 
tion with the oxides of lead and copper, or these latter oxides 
alone, carbonate of baryta, oil of Groton tiglium, or other 
suitable poison. 

1866. 

No. 2369. Peter Wa/rd * — The invention relates to a com- 
position consisting of an insoluble soap, of lime or other base, 
mixed with oxide of copper or other metallic oxide or com- 
pound. 

1857. 

No. 1481. James Edgar Cook. — This invention relates to 
the preparation of a poisonous compound made with wood 
spirit or methylated spirit, shellac, strychnine or atropia, and 
dragon's blood. 

1868. 

No. 298. J ohn Gouits. — The pigment is applied in a heated 
state to the hulls of vessels and consists of carbonate of 
baryta, litharge, arsenious acid, asphaltum, oxide of calcium 
(lime), and creosote or oil of tar. Other materials, as for 
instance, bichloride of mercury, silicic acid, with caustic 
alkali, red oxide of antimony, gutta-percha, with benzole, 
camphine, or spirits of turpentine may also be used in place 
of some of the above or in conjunction with them. 

No. 781. Daniel McGrae. — The claim is for a combina- 
tion consisting of bone grease and sulphate of copper or other 
poisonous material 
1859. 

No, 425. Matthew Crawford, — An improved metallic 
varnish is prepared by mixing plumbago or black lead, or 

gum varnish, arsenic, and spirits of wine. 

17 
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1862. 

No. 72. Bobert Johnson. — The improved composition 
consists of mercurial or blue ointment, arsenic, and black 
lead in combination with drying oil, oil paint, or common 
coal tar or black varnish. 

No. 1466. Jean Pierre Jcruvm. — The patentee states that 
trimercnnc sulphate (SO 3 . 3HgO) mixed with Prussian 
blue (3 EeGy + 2 FeCy 3 ) produces by its contact with the 
alkaline chlorides of sea water one of the most violent poisons 
known to mineral chemistry, videlicet, the mercuric cyanide 
(HgCy) in the shape of chloro-cyanide of mercury and 
sodium The composition consists of 55 parts of turbith 
mineral with 45 parts of Prussian blue forming a homogene- 
ous green powder. This is ground with 250 parts boiled 
linseed oil, 650 to 660 parts of red lead or other colouring 
matter equally good, and the above green powder 90 to 100 
parts. 

1864. 

No 1652. William Bolivae Davis, — The composition 
consists of residuum of palm oil or tallow, carbonate of 
copper, arsenic, spirits of turpentme, benzine, or equivalent 
substance, and linseed oil, the proportions being given. 

No. 1941. Francis Gmihshaiih — The composition con- 
sists of mercurial compounds, e.g., red oxide of mercury, 
white precipitate of mercury, oxychloride of mercury. These 
are combined with a solution of rosin and gutta-percha in 
turpentine. 

1865. 

No. 624. Francis Grioikshank, — The claim is for the use 
of cyanide of mercury. 

1866. 

No. 394. Henry Edward Francis De Brion, — The speci- 
fication claims among other things the use of a material as 
an anti-fouling composition consisting of chloride of cyanogen, 
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to which is added cyaoiide of mercury and ferro-cyamde of 
■copper, combined with vulcanised rubber dissolved in carbon 
bisulphide. 

1878. 

No. 2846. H. A, Harvey . — The claim is made for the use 
■of arsenical iron pyrites, mixed with oxide^ of iron, or oxide 
of zinc, ochre or other colouring matter, and ground to a 
paint with linseed or other oil, and htharge or other drier. 

No. 5088, J. B. Hannay . — The anti-fouling composition 
contains alcohol, shellac, resin, hard and soft gaUipot, arsenite 
of copper, arsenite of mercury, basic chromate of mercury, 
^nd. colouring matter, 

1883. 

No, 3320. A. M, Clark . — The patent consists in adding 
sulphocyanide of copper and arseniate of mercury to any 
ship’s paint, tar, or varnish. 

1886. 

No. 7497. J. Cameron . — Carbolates or sulphocarbolates 
•of metals, e.g., mercury, iron, copper, or zmc are added to 
ordinary paints. 

1892. 

No. 12,732. L. Hydrazine, hydroxylamine, or 

their salts, or other substances which will act destructively 
upon protoplasmic organisms are employed. 

1896. 

No. 17,871. W. L, Qunn.—The composition is composed 
of one or more of the cresylates of lead, mercury, copper, iron, 
or zinc, mixed with suitable diluents. 

1898. 

No. 2553. S. Warner and C. F. W. Perry.— The com- 
position contains copper oxychloride, iron oxide, red lead, 
white arsenic, kauri or other suitable gum, shellac, boiled 
linseed oil, resin, coal-tar naphtha, wood naphtha, and tur- 
pentine. 
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1904. 

No. 24,733. G. G. Schobert . — The composition is made 
by melting resin or asphalt with shellac, and adding zinc 
oxide previously ground in linseed oil ; benzoline, methylated 
spirit, or solvent naphtha, is then added followed by caloiom 
arsenite ground to a paste in linseed oil and the composition 
is heated for two days. 



OHAPTEE IX. 


TESTING- PAINTS. 

In order to gain a closer insight into the influence of elec- 
tricity on paint, a number of iron plates were coated with 
various paints, one portion of the plates being thoroughly 
cleaned, whilst another portion was artificially rusted, before 
applying the paint. 

These plates were then suspended, under perfectly iden- 
tical conditions, in accumulator boxes, and a strong current 
of electricity was passed through them, the surrounding water 
being in the one case strongly acidified with hydrochloric acid, 
and receiving in the other an addition of sal ammoniac. The 
results of these experiments were of a very surprising char- 
acter, inducing Simon, who performed them, to prepare a 
paint, the pigment of which — electropositive towards iron — 
is capable of conducting both electricity and heat. 

In the preparation of this paint Simon was influenced by 
the idea that the arrangement of a small number of metallic 
conductors through the insulating layer of varnish to the 
iron will facilitate an outward flow of the electricity, whereby 
all destructive influences will be removed from the insulating 
and anti-corrosive varnish layer’’. In this view he was fol- 
lowing the theory of Melsens with regard to the effect of 
lightning conductors not only to exert a protective influence, 
but also prevent spontaneous discharges. At the same 
time Simon succeeded in reducing the coefficient of radia- 
tion of the paint— which factor is 7*74 in the case of pure 
oil varnish, ranging from 5*0 to 4*40 for lead paints ^to as 
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low as 0*60, by suitably modifying the composition of the 
pigment. This is a matter of some moment, especially for 
gasometers, large iron structures, boilers, steampipes, and 
vacuum apparatus. For instance the condensation of steam 
on a coating of Simon’s conducting paint is about 80 per 
cent. less than on paints consisting of red lead and white 
lead. The increased conductive property was readily dis- 
cernible on iron plates coated with this paint, when one of 
a pair of such plates was inserted in a closed circmt of two 
strong cells and the other joined up to a galvanometer, the 
passage of a current being indicated by the latter instrument 
in a very short time. The experiment succeeded equally 
well whether the plates were surrounded by dry air, excluded 
from air, or suspended in water containing hydrochloric acidl 
or sal ammoniac. 

Quite recently H. Loesner devoted attention to the test- 
ing of oil paints, and expressed himself on the subject as 
follows: “Just as in the testing of building materials the 
greatest value is placed on tensile strength, resistance to^ 
compression, etc., and the chemical constitution is rather of 
merely theoretical interest, so in the case of paints for iron- 
work the chief stress should be laid upon impermeabiUty 
towards water and gases. Since, according to Simon, every 
paint is more or less porous, the first condition to be exacted 
of a good oil paint is that, when dry, instead of forming a 
porous layer it shall be perfectly homogeneous. When 
plates of sheet iron are coated with paint, rust forms — as is 
well known — on the surface of the metal after a short time. 
Owing, however, to the slowness of the reaction, immersion 
in water does not afford a suitable means for determining 
the durability of paint, whereas, on the other hand, steam 
places a very convenient method at our disposal for this, 
purpose. With this object, plates of sheet iron are cleaned 
perfectly bright on one side, by means of emery paper, the 
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clean surfaces — which must not on any account be touched 
with the fingers — being then coated over with a thin uniform 
layer of the paint to be tested, and left to dry at the ordinary 
temperature for four days. The plates are next set, painted 
side downwards, over a boiling water-bath, so that the sur- 
face of the paint is just 2 inches (5 cm ) above the constant 
level of the water. At the end of fifteen hours the plates 
are dried for a short time at 100° C. (not higher) and the 
layers of paint impregnated with aniline applied with a soft 
brush. Being thus softened they can be removed and the 
metal is then dried by means of alcohol. For the paint to 
be classed as good, the metal must have remained perfectly 
intact, a condition readily recognised by the appearance of 
the scratches formed on the surface by the emery paper used 
in the initial cleaning. Many paints will stand this steam 
test after the painted iron has been heated to 100® to 105° C. 
for about five hours.’’ Instigated by this report the author 
made several experiments on the action of steam on paints, 
and found that a two-months-old layer of red lead paint 
became somewhat soft, but otherwise remained perfectly 
intact, no trace of rusting being detectable. Under the 
influence of steam, a coating of lacquer paint softened and 
underwent partial contraction, without, however, laying the 
metal bare. Furthermore, fresh (two days old) layers of oil 
paint on iron withstood boiling in water for several hours 
without becoming loosened or otherwise suffering damage ; 
whereas, on the other hand, in the case of a simple coat of 
varnish, a very short exposure — about fifteen minutes — to 
the action of steam sufficed to entirely counteract the ad- 
hesion of the varnish to the metal, the former being then 
removable by merely wiping it with the finger. For the 
present- an expression of opinion on this method will be 
reserved pending the results of a contemplated series of 
experiments on the matter, and the author will content him- 
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self With remarking that anti-corrosive paints are designed 
for the protection of iron from atmospheric influences and 
not from the action of steam. 

With regard to the formation of rust under paint on iron, 
Simon has latterly issued the subjoined report. He says: 
“ The doubts previously aroused in my mind as to the in- 
accuracy of the general assumption that rust on iron is the 
result of fine hair-like cracks in the paint have been converted 
into certainty by the peculiar phenomena noticed in the 
course of my studies on the action of sea water on iron plates 
coated with various paints. 

Accurately fitting iron plates were placed side by side in 
accumulator boxes and subjected to the action of sea water, 
in which they were immersed to the extent of two-thirds 
their entire area. Old plates — irrespective of the kind of 
paint with which they were coated — which had been exposed 
to the influence of sea water for six months ^ exhibited, for 
a distance of several centimetres above the water line, cracks, 
blisters, and peeling off on the part of the paint, according as 
it contamed a larger or smaller proportion of varnish. That 
part of the plates which was under water seemed, to a super- 
ficial observer, to be unaltered, save for rust spots, except that 
the white lead paint showed a readily recognisable amount of 
destruction and far-reaching decomposition. In the other 
plates the paint, so far as the part underwater was concerned, 
still appeared to be coherent, though soft and — when dried — 
dull and somewhat rough. For .about 1-i inch (3 to 4 cm.) 
above the water a distinct alteration in form was noticeable, 
the paint being blistered, peeled off, and loosened. This 
alteration and mechanical destruction of the layer of paint 
progresses outwards from the interior, as may easily be 

^ A sones of parallel experiments witli fresh water failed to yield any 
available results, owing to the development of a transparent muous of mould 
fungi which, m a short time, produced a visibly destruotive efFoct on the 
paint 
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gathered from an inspection of the various plates. The 
paint has allowed the sea water to gain access, thus reducing 
the adhesion between the paint and the metal, resulting in 
the occurrence of capillary attraction in the interstitial 
space, the effect being favoured by the evaporation going on 
above the water line. Furthermore, evaporation from the 
interior outwards results in the deposition of saline matter 
under the paint, which circumstance will natur^illy go hand 
in hand with the detaching of the latter. This phenomenon 
was noticed consistently throughout, irrespective of the kind 
of oil paint used, making its appearance in every repetition 
of the experiment ; in fact the results entirely bore out and 
■confirmed my previously expressed opinion that paint be- 
haves exactly like animal epidermis in being, in its distended 
state, permeable by gases and liquids.” 

3?urther investigations were, made by Simon on prepared 
<;oats of paint laid upon a substratum of glue, afterwards 
loosening them by simple immersion in water thereby obtain- 
ing films of paint that had not been exposed to any chemical 
or strong physical influences. The films were supple, pliant, 
and elastic, and did not part with these properties when 
•exposed to dry or moist heat. Simon says, further : The 
permeability of the paint films was tested by stretching them 
over a glass beaker half filled with hot water. When the 
film assumed a concave form as the water cooled, this afforded 
evidence of impermeability and the absence of any disruption. 
On pouring water tinged with aniline dye into the concavity 
bofore the water in the beaker had thoroughly cooled, fine 
drops could be observed to collect on the under side of the 
film, and these increased in size, while the water in the cav- 
ity diminished in volume. The same films were spread over 
a small dialyser and tested for permeability to variously 
coloured waters under normal atmospheric pressure, with or 
without an addition of brine. Whilst during the first twenty- 
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four hours no visible transfusion of the water through the film' 
of paint could be noticed, a rapidly increasing interchange- 
developed after the lapse of that time, and this was still more 
apparent when brine was employed as the diffusive bquid. 
The results were similar throughout a number of experiments 
performed with various films of paint under different condi- 
tions, and the penetrability of the films by air, illuminating 
gas, and sulphur dioxide was also demonstrated.” Simon 
also made further observations in the softening of paint by 
dew on the ironwork of bridges and by water of condensation 
in stables, the result being the formation of rust ; and he 
expressed the opinion that rusting is not attributable to the^ 
iron having been insufficiently cleaned before painting, but 
rather to the deposition of dew, the result of rapid cooling of 
the metal, the liquid being then absorbed by the paint and 
brought into contact with the iron, which is thereby rusted 
In discussing Simon’s experiments, the author would point 
out that exposure to sea water for six months is hardly the 
way to test the durability of paints intended for coating iron 
exposed to the air ; and he would remark that the number 
of coats of paint applied should also be stated. The condi- 
tions being apparently unsuitable to the object in view, the 
results may be neglected and attention chiefly devoted to the 
permeability of the paint film. There can be no doubt at all 
but that a coat, or film, of paint will behave quite differently 
when m position on a solid substratum to what it does when 
loosened therefrom ; and that it is altogether a different thing 
when a film of paint is stretched over a space containing air 
in a state of partial (though but slight) rarefaction. A cloak 
of waterproof material may be quite impervious to water when 
simply in a suspended position, whereas when stretched out 
so as to allow an accumulation of water to gather in the 
hollow thus formed it may probably allow some of the liquid 
to pass through. In the case of paint, the fatty substance of 
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its6lf ropols wator, which is thereby prevented from exerting^ 
continuous action, and hence penetration is considerably 
hindered. In fact, the author maintains that penetration of 
the paint is quite impossible, provided the work of painting- 
has been done thoroughly and well, and he beheves that such 
can then only ensue when the cohesion of the paint has 
suffered injury through the prolonged influence of atmospheric- 
agencies. Penetration may perhaps be possible when the 
painting has been restricted to one or two coats; Simon 
states ** that the anti-corrosive action of a paint increases m 
proportion to the quantity of linseed varnish it contains, and 
with the degree of insusceptibility of the pigment to chemical 
influences”. This fact has already been recognised and 
emphasised by the author on previous occasions, as well aa 
in the present work. 

Having now seen how manifold are the influences capable 
of contributing towards injuring a coating of paint, we may 
next turn to the question of the length of time that a good 
coat of oil paint should last, and of the signs whereby in* 
cii)ient damage may be detected. 

The durability of paint is so dependent upon its quality 
on local circumstances, that no definite period can be laid 
down. We have become acquainted with the influences that 
exert injurious action on paint, and it naturally follows that 
wherever they are present to an increased extent the life of 
the paint will be shortened, and vice versd. For instance, 
when continuously subjected to smoke fumes, acid gases, 
alkalis, etc., the paint will be ruined much sooner than where 
a purer atmosphere prevails ; also when paint is exposed to 
the continued action of running or stagnant water it will be 
much less durable than in dry air. In districts where high, 
winds, accompanied by much sand, prevail the paint will 
undergo mechanical attrition, which will largely contribute 
to its destruction. Under normal conditions it may be 
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assumed that a good coat of oil paint will last for five years, 
•or for even as long as eight years under specially favourable 
■circumstances, before requiring rene'wal. 

The signs by which one can recognise that a paint has 
ceased to discharge its protective functions have already been 
touched upon, namely the alterations in outward appearance, 
and the occurrence of rust spots in the paint itself. 

If the paint exhibits cracks, be they ever so fine, or if it 
has become dull and crumbling so that the pigment can be 
wiped off in the form of powder by the hand or with a cloth, 
the admission of moisture will have become possible, either 
•directly through the cracks, or by absorption and retention 
in the paint, and the iron will necessarily begin to rust. In 
such events repainting is an urgent necessity. Eusted places 
show themselves in the paint, at first by the appearance of 
yellowish-red patches, sometimes spread over the entire sur- 
face of the iron structure, at others only at the rivets and 
screws. No actual rust may be visible as yet, but it appears 
as though the moisture had drawn the rust by capillarity 
through the absorbent paint ; only at a later period does the 
paint disappear more and more, whilst rust patches and in- 
crustations become apparent ; it then becomes high time to 
renew the coat of paint, carrying out this operation with as 
much care as if the structure were entirely new. 

Methods and Appliances eoe Testing- the Utility op 
Anti-ooeeosive Paints 

{Speoification of the Swiss Institute for Testing the Strength 
of Mater%als.) 

1. Detemination of Colour. — The shade of colour is ex- 
amined after the laying on and drying of the paint. 

2. Chemical Composition. — All that is required under this 
head is to ascertain the constituents of the paint: viz.j the 
pigment, vehicle, and any driers present. The quantitative 
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examination of the pigment does not come within the scope 
of the work, but on the other hand the resistance to acids 
is determined, 2 per cent, hydrochloric acid or 2 per cent, 
sulphuric acid being used. Ten grams of the pigmentary 
matter of a paint, washed clean with carbon bi-sulphide, 
ether, alcohol, or water, are covered by 100 c.o. of the dilute 
acid for three days, with occasional stirring, then filtered, and 
the total weight and qualitative composition of the dissolved 
matter determined. 

3. Alteration of Weight m Drying, — To obtain infor- 
mation on this head equal weights of the paints are freely 
exposed in large basins to the air for seventy-two hours in 
succession at constant temperatures of 60° and 100° C. re- 
spectively. 

4. Amount of Pamt used in Painting a given Area . — 
To ascertain this factor and the consequent relative cost of 
painting with different paints, cleaned and weighed plates of 
black and white metal 1 foot square are carefully painted 
with two coats, and weighed three days after each painting. 
The mean difference in weight obtained from six plates gives 
the average quantity of paint consumed, and from this the 
amount per square yard (or metre) can be calculated. 

6. Bate of Drying, — Uniformly painted sheets of iron 
about 24 inches long by 12 inches wide are used. Notice is 
taken of the time at which a 9 x 1 inch strip of smooth 
writing paper, pressed evenly on the surface of the paint 
by the aid of a soft roller and immediately removed, ceases 
to show any stain. Furthermore, the time whereat the 
paint no longer sticks to the paper strip, or to the dry skin 
of the finger, is also noted. 

6. Adherence and Toughness of the Paint, — Plates of black 
and white sheet iron and zinc, carefully cleaned, and 
painted -without priming, were stored for three months in 
the physical laboratory of the institute, at a mean tempera- 
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ture of 16° C., and exposed to a uniform circulation of air. 
At the end of that time one half the plates were placed on 
■end in a drying oven m such a manner as to allow the air to 
circulate between them, and were heated to a constant tem- 
perature of 50° C. for twenty-eight days. Each plate of both 
sets was then cut in two, and one half exposed fifty times to 
16“ to 23° (C.) of frost. Finally all were subjected to repeated 
folding tests, through 180°, until cracks were formed, steel 
bolts I inch in diameter being used. 

7. Covering Pozoer and Besistance to Acids , — The cover- 
ing power was tested by covering the surface of iron sheets 
and basins, either with two coats of the sample of paint 
under examination, or with two coats over a priming of red 
lead or iron oxide. The basins, after being left to dry for 
three months, were filled with a 6 per cent, sulphuric acid, 
and examined for three days. In the case of acid-resisting 
paints of poor covering power the acid forces its way under 
the paint, hberates bubbles of hydrogen, and loosens the paint 
locally in patches at the bottom of the basin, without, how- 
ever (in the generality of cases), destroying the constitution 
of the paint mass itself. Attempts to determine the cover- 
ing power by photometry failed to yield any satisfactory 
results. 

Perhaps the most complete series of tests which have 
been made as to the protective action of various paints are 
those carried out by the American Society for Testing 
Materials on the Havre de Grace Bridge on the Pennsyl- 
vanian Eailway and on steel plates at Atlantic City. With 
regard to the former tests, panels on the bridge were painted 
with nineteen different compositions in 1906 and were ex- 
amined from time to time by a committee specially appointtjd 
for that purpose who reported upon the condition of the 
various panels. The composition of the paints is given in 
the report, but it is sufficient here to state that none of them 
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^ere very successful, in most cases the results being poorer 
lihan with the ordinary paint used on the remainder of the 
structure The steel plates exposed at Atlantic City were 
painted m 1910, and when they were examined it was found 
that the paints which afforded the greatest protection were 
in the following order : — 





Avoriigu Eatings 


No. of 







Pigment. 









1910. 

1911. 

1912. 

1913. 

1914. 

9 

Orange mineral . 

9-0 

8-3 

6*9 

4*0 

3-0 

10 

Red lead .... 

8*7 

83 

8-1 

0-3 

4-0 

IG 

Natural graphite . 

9-1 

G8 

G-C 

6 2 

4-0 

17 

Artifioial graphite 

7 1 

6-9 

4-4 

20 

00 

84 

American vermilion 

9-1 

10*0 

9-9 

9-8 

76 

8G 

Medium chrome yellow 

7-0 

7-7 

GO 

6-2 

8*6 

39 

Zinc chromate 

9-4 

9*5 

8*8 

8-0 

40 

41 

Chrome green 

9*8 

9-8 

86 

7-6 

60 

49 

Zinc and lead chromate 

95 

9-7 

92 

8*3 

4-0 


The average ratings represent the opinon of each member 
•of the committee as to the preservative action of the various 
pigments expressed in figures and averaged, total protection 
being taken as 10. The method is empirical, but it will serve 
in absence of a better method. The remarkable point about 
these tests is that American vermilion {i,e, basic lead chromate) 
shows a much higher preservative action than any other pig- 
ment, while iron oxide and Venetian red are so poor that 
they are near the bottom, being rated at 2*6 and 1*5 respec- 
tively. 

L. P. Nemzek, chief chemist, John Lucas & Co., in an 
address presented at the thirteenth annual convention of the 
Maintenance of Way Master Painters* Association of the 
United States and Canada, held at Philadelphia in 1910, drew 
attention to the value of American vermilion as a preserva- 
tive paint for iron and steel, and it is somewhat remarkable 
that it has been so long neglected. This may be due to its 
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high price, but it must be remembered that a paint made 
from it weighs only about half that of red lead paint, besides 
which it will spread somewhat further bulk for bulk, does not 
settle out on standing, and the paint has not such a great 
tendency to run when laid on vertical or inclined surfaces. 
As pointed out by the above author where economy is m 
question American vermihon can be mixed with say 25 per 
cent, of a chemically inert pigment such as “ Asbestine ” and 
yet be equal in covering and spreading power to a straight 
red-lead paint. 



CHAPTBE X. 


OFFICIAL STANDABD SPEOIFIOATIONS FOR IRONWORK PAINTS 
IN VARIOUS COUNTRIES 

Recognising the importance attaching to the proper paint- 
ing of iron structures, Provincial, Government, Railway, 
^ind Naval authorities, inter alia, in different countries pre- 
pared certain specifications relating to the paints supplied 
by their contractors. Whether these conditions really meet 
the requirements of the case is more than doubtful, since we 
find that one specification prescribes pickling with acid and 
painting with red lead, while another rejects these altogether, 
from which it is evident that no unanimity of opinion exists 
as to the usefulness or the reverse of thede methods. In the 
same way, some enjoin the use of white lead or zinc white 
oil paint, whilst another prohibits them. 

For the general information of the reader the author 
reproduces a series of requirements actually prescribed for 
paints to be used on iron structures, and supplements the 
list with specifications, which he believes worthy the serious 
attention of all parties interested in the matter. 

In Austna a number of widely variable anti-corrosive 
paints are in use, both for primmg and finishmg coats for 
ironwork. The State and private Railway Companies, and 
the larger State and Local Authorities, have several specifica- 
tions vrith which the bridge-buildmg compames have to 
comply. In all oases where the use of white lead for priming 
is not expressly stipulated iron oxide is favoured, zinc white, 

toned as required, being employed for the fimshing coats. 

(273) 18 
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For the Imperial Boyal Austnan State Eailways the C' 
lowing conditions are prescribed . — 

All bridges and lattice work, together with sills a* 
fixing screws, shall receive a covering of oil paint, applied 
three coatmgs, each of which must be thoroughly dry bofc 
the succeeding one is laid on. All painting in the open i 
must be postponed until the occurrence of a continuous sp 
of warm, dry weather. The surfaces to be painted lUX 
first be freed from all rust, roughness, and impurities 
scouring with wire brushes, and thorough drying. Surfa< 
that will be inaccessible when the structure is put togetl 
must have been previously covered with a single, dural 
first coat of red-lead paint, and this paint must also be ue 
for the first coat of all the visible parts of the structure wh 
put together. A stiff brush must be used for laying on t] 
first coat, in order to ensure the penetration of the paint iL 
all irregularities, joints, and cracks. When the bridge 
mounted in position, the first coat must be carefully go 
over, and made gocJd before the second coat is applied, a 
the joints, etc., are to be then cemented with a putty ma 
of red lead and linseed oil. 

A thicker paint must be employed for the second a 
third coatings, the second being carefully gone over and 3 
paired in all defective and weak places before applying t 
final coat, which latter must be darker in tone than the pj 
cedmg one, in order that they may be readily distinguishab 
If the ironwork is not properly covered by these three cot 
the contractor is liable to be called upon to apply a four 
free of charge. 

Wherever the wooden sills or sleepers come in coiitn 
with the ironwork the latter must be painted a third tii: 
before the former are put in position. 

There is also an additional clause prohibiting thick pair 
even where it is to last for seven or eight years and luoi 
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on the ground that such paints form a tough, coherent skin 
which masks any underlying cracks or flaws in th^ material 
of the structure, thus preventing their detection by the in- 
spectors. 

The specifications of the Kaiser Ferdinands Nordbahn 
Railway (Vienna) prescribes ; — 

That all contact surfaces of parts of ironwork that are 
to be riveted together must have been first carefully cleaned 
from rust and dirt and painted with red lead. 

Bridges and lattice work, with all sills and fixing screws, 
shall be painted with oil paint. 

Every oil paint must be applied in four coats, none of 
which may be laid on until the preceding one is thoroughly 
dry. 

Painting in the open air must be delayed until a con- 
tinuous spell of warm, dry weather sets in. 

The surfaces to be painted must be first carefully 
scoured with wire brushes to remove all rust, roughness, 
and impurities, and well dried. 

Surfaces that will be inaccessible when the structure is 
put together must have been previously covered with a single, 
durable, first coat of red-lead paint, and this paint must also 
be used for all the visible parts of the structure when put 
together. 

The first coat must consist of a thin easy-flowing paint, 
laid on with a stiff brush, so as to penetrate into all irregu- 
larities, joints, and cracks, and when the bridge has been 
mounted in position a second coat of red-lead paint must 
be apphed. 

When the first coat is thoroughly dry, cementing with- 
a putty composed of red lead, or zinc grey, and linseed oil is* 
proceeded with. 

For the third and final coats a thicker paint, of pure 
white lead, is to be used, this being toned to grey by the 
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addition of a little black. Before painting with the final coat, 
the preceding one must be gone over carefully, and all de- 
ficiencies and weak places made good. To enable them to 
be distinguished, the fourth coat must be darker in colour 
than the third. Should the fourth coat afford insufl&cient 
covering to the structure, the contractor may be called upon 
to provide another coat of paint free of charge. 

AJl parts of the ironwork that will come in contact with 
wooden sills or sleepers must have received a fourth coat of 
paint before the latter are put in position. 

A special report vnth regard to paint for iron bndges, 
issued by the Building Department of the Municipality of 
Vienna, states : — 

1. To preserve iron bridges either a twofold coating with 
platinum or silicate paint is required ; or else a paint made 
of chemically pure white lead, topping a first coat of red-lead 
paint. No other addition to the powdered dry metallic pig- 
ment than pure unadulterated linseed varnish should be 
permitted. 

2. If tendered at equal prices the platinum or silicate 
pamts should be accepted in preference to white-lead paint. 
A single first coating with red lead is a usual preliminary 
condition to painting with ordinary paints, but in the case of 
platinum or silicate paints is radically at variance with the 
nature of these paints, and should therefore be omitted. 

In the special conditions laid down by the Provincial 
Government of Lower Austria with regard to the erection of 
the State road bridges over the Danube at Vieima the ques- 
tion of paint is dealt with as follows : — 

The paint must consist of mineral pigments and linseed 
oil of best quality, finely and smoothly ground, and properly 
made ; red lead being used for the first coating, and the grey 
pigments, white lead or zinc white, with an addition of black 
or zinc dust, for the final coats. 
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The authorities of the Prussian State Eailways prescribe 
the following conditions for paints in their special contract 
specifications for the supply of large mounted iron struc- 
tures : — 

As soon as the materials have been made ready, by 
trimming the edges, and making the rivet and screw holes, 
but before the parts are put together or painted, all the iron 
must be carefully cleaned from rust, dirt, dust, and scale, 
either by dry scouring with brushes, etc , or by pickling with 
dilute hydrochloric acid, etc., and at once coated with a layer 
of paint composed of hot linseed varnish VTith 10 per cent, of 
zinc white. If pickling has been performed, the adherent 
acid must be removed by dipping the parts in lime water, 
followed by rinsing m clean water and heating to 100° C. in 
boiling water. Then, after all the adherent water has evapo- 
rated, they must be provided with a thick coating of paint 
consisting of 90 per cent, of good thin, quick-drying linseed 
varnish, free from water or acid, and 10 per cent, of zinc 
white, and put away to dry in covered rooms. 

After the operation of cleaning and painting, the goods 
must be offered to the officials for inspection. 

Immediately before riveting, the parts to be joined must 
bo cleaned at the contact surfaces, and then painted with red 
lead and attached so tightly together that they cannot move 
while being riveted. If any parts warp or distort in riveting, 
the connections must be loosened, and after the pieces have 
been officially inspected must be carefully put right, or replaced 
by new ones. 

Pa/int. 

1. pithe W(»-kshops . — Until officially inspected and tested 
the various separate or mounted parts of the structure nray 
not be painted with anything more than linseed varnish paint. 
As soon as the inspection is over, the various pieces must be 
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carefully cleaned, the joints 6f contact surfaces cemented with 
a stiff putty made of white lead and linseed oil, and the whole 
painted with red-lead paint. 

The first coat must be laid on thin and be allowed to dry 
thoroughly, 

2. When mounted^ all the defective parts of the paint 
applied in the workshops must be made good, and the places 
where rivets have been driven during mounting must be 
gone over. After cementing all the joints of contact surfaces 
the whole of the ironwork must receive another coat of pure 
red-lead paint, followed by at least two coats of good cover- 
ing oil paiut of the colour prescribed by the railway author- 
ities All interstitial spaces in which water is hkely to 
accumulate must be properly cemented with asphalt putty 
and painted smoothly. In the case of galvanised parts the 
first coating of red-lead paint is omitted. 

All surfaces coming in contact with earth, stone, sand, 
mortar or masonry must be coated with heated wood tar of 
good quahty instead of with oil paint. 

In liiUssia iron oxide is almost exclusively employed tor 
the preliminary coatmg of iron structures, and, it is averred, 
with good results, though a few of the railways use red lead. 
White lead, suitably tinted, forms the principal covering 
paint, especially for bridges over railways. 

At the present time a paint termed “Iron Protector ” is 
being recommended for the preservation of iron against 
rusting. This preparation appears to be a kind of armour- 
scale (“ Panzerschuppen *’) paint containing also earthy pig- 
ments. 

The Government of the Netherlands prescribes the fol- 
lowing conditions with regard to the painting of iron struc- 
tures ; — 

The iron is dipped for twelve hours m a bath consisting 
of 15 per cent, hydrochlonc acid diluted to 6° with water, after 
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which it is fished out with iron hooks or cranes, washed 
thoroughly with water by scrubbing and then worked about 
m a bath of lime water. After this it is swilled and freed 
from rust, to be next immersed in boiling water in a long 
pan, where it is kept until quite hot, and on removal after it 
becomes dry it is painted all over with a drying oil. 

Following this treatment the metal is shaped and finally 
■coated with two layers of minium — this can only mean lead 
minium (red lead), as the specification has been in force a 
long time. However, according to Kloes, iron oxide has 
now to a large extent replaced true minium for iron struc- 
tures, the latter being only rarely met with on bndges, roofs, 
and similar structures. 

The regulations laid down by the Eastern Eailway of 
France {Ghemin de Fer de VEst) for the painting of ironwork 
are as follows : — 

After being weighed all iron parts are to be cleaned with 
metal brushes and painted with minium, this coating being 
touched up after the parts are mounted in position. 

The minimn paint must consist solely of red lead ground 
with linseed oil and turpentine substance (essence or spirit 
18 probably meant); the latter materials must be fresh. 
Dm'ing the application of the first coating the railway 
officials will take samples of the materials and subject them 
to chemical examination. Should the red lead prove to 
contain more than 2 per cent of impurities, or extraneous 
admixtures be detected in the linseed oil or turpentine, the 
paint will be rejected and must be taken away and replaced 
by the contractor, even when the results of the analysis are 
not made known until after the ironwork has been set up in 
position. 

The Italian Mediterranean Eailway Company prescribes 
the following standards for iron paints : — 

After the provisional acceptance and weighing of the iroji 
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materials all the parts must be carefully cleaned from dirt 
and oxide, and painted with red lead mixed with pure boiled 
linseed oil to which 3 per cent, of litharge has been added. 

No two pieces may be riveted together until the contact 
surfaces have been coated with the above paint. All the 
parts must be cleaned anew before and after mounting and 
the first coating of red-lead paint touched up, all the inter- 
stitial spaces at joints being filled up with minium. There- 
upon two coats of white-lead paint, prepared in the same way 
as the preceding paint, must be laid on, the colounng matter 
for the same being determined by the railway authorities. 

Each coat of paint must be allowed to dry thoroughly 
before the next one is applied, and care should be taken to- 
carry on the work under favourable atmospheric conditions. 
Before laying on the first coat the surface of the iron must 
be well cleaned, scraped, and, if necessary, scoured with 
pumice stone. The white lead used must be pure, and 
therefore free from any admixture of lime, barytes, zinc 
white, etc. 

Section 7 of the normal specifications, for the supply of 
ironwork for bridges and elevated structures, drawn up by 
the Umted Association of German Architects and Engineers, 
deals with — 

Cleanmg and l?a%nting , — Before putting together, the 
various parts must be freed from all impunties, rust and 
scale, the method of cleaning to be stated by the contractors 
when tendering, except where any particular method is 
prescribed by the special conditions, or the contractor desires 
to deviate from the latter. If chemical means are resorted 
to for this cleaning, the contractor is liable for any subse- 
quent rusting due to carelessness in removing the acid. The 
parts (plates, rods, etc.) chemically cleaned must be painted 
over with thin, quick-drying linseed varnish whilst hot, im- 
mediately after cleaning, and kept under cover until the 
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varnish is sufficiently dry. Before the covering paint is 
applied, notification must be given to the consumer so that 
he may first examine the ironwork ; and it is only after the 
treatment necessitated by this preliminary acceptance of the 
goods, and repairing the defects in the coat of varnish, that 
the first coat of the particular paint stipulated in the contract 
may be laid on. All surfaces that are to be covered up by 
others must be painted before the parts are put together. 

In the case of all interstitial spaces where water is liable 
to accumulate, the painting must be very carefully performed, 
and provision made for the draining away of the water 
through holes bored for the purpose. If the latter is im- 
practicable, the spaces must be filled up as completely as 
possible with asphalt putty, or some other suitable material. 

After the structure is mounted, the heads of all rivets 
put in during that operation must be freed from rust and 
primed, and all crevices filled up with putty. Unless speci- 
ally mentioned in the contract, no other painting need be 
done. 

The Italian Ministry of Public Works has laid down the 
following conditions regulating the taking over of iron rail- 
way bridges from the contractors : — 

The contractor must not employ for the paint any 
materials that have been adulterated or do not comply with 
the terms of the contract. The pigments must be well 
ground on the stone, with an addition of linseed oil, the 
drying of which may be facilitated by an admixture of 3 
per cent, of litharge to the hot oil. A further addition of 
linseed oil and turpentine, in equal parts, is then made to- 
the paint. 

The linseed oil must be well refined, clear, inodorous, 
and of bitter taste ; and the white lead (lead carbonate) must 
not contain any admixture of lime or barytes. 
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Painting the Metal. 

Parts of a structure should never be finally joined up 
without the contact services having been properly painted 
with red-lead paint. 

The first coating of red lead should be applied in the 
workshops, after the surfaces have been properly cleansed, 
scraped, and, if necessary, scoured with pumice, but not 
until the ironwork has been conditionally passed by the 
‘examining official. When the parts have reached the place 
where they are to be mounted, they must be carefully scraped 
clean of rust and dirt, especially those surfaces that are 
to come in contact with others, and the existing first coat 
of paint must be completely repaired. 

The officials may order this first coating to be scraped 
off altogether, so that they may, on occasion, convince them- 
eelves of the quality of the material used in the structure. 
In such cases the said coat must be carefully renewed. 

When the parts are mounted, a second coating with 
red lead must be applied on all the outer surfaces of the 
structure, not excluding those that cannot be se^n from 
the outside. 

In addition to these two coats, three others must be 
laid on after the structure is completed, white-lead paint 
being used along with the necessary toning pigments to 
produce the required shade. 

When, in spite of all precautions, crevices are left be- 
tween riveted parts, they must be filled up with red lead, 
after the first coat of white paint, to prevent the intrusion 
of moisture and consequent oxidation. Each coat of paint 
must be perfectly dry before the next one is applied. The 
officials are empowered to fix a period within which the 
last three coats must be put on. 

On the Swiss Bailways the following regulations exist 
for the cleaning and painting of iron structures : — 
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The surface of the iron must be cleaned by dry scouring 
with selected sharp fragments of coke, or pickling with dilute 
(10 per cent.) hydrochloric acid, followed by neutralising with 
milk of lime and nnsing clean with boiling water. The 
cleaned parts must then be immediately painted in the 
workshop with hot linseed oil and afterwards with white- 
lead paint. Surfaces that will be covered up by others 
must have a double coat of white-lead paint over the varnish. 

No parts must be sent from the shops to destination until 
the entire surfaces have been carefully primed and the paint 
has thoroughly dried. After the erection of the structure all 
fresh rivet heads must be primed, and the first coating must 
be I’epaired or renewed wherever defective or injured. 

Whether, and to what extent, any further painting is 
to be done by the contractor depends on the terms of the 
contract. In any case such work must not be commenced 
until the first coat is perfectly dry and permission has been 
given to proceed. 

The Swiss North-Eastern Railway has recently discarded 
red-lead paint in favour of armour scale (“ Panzerschuppen ”) 
paint or Bessemer paint. The following conditions are im- 
posed : — 


(a) Varmsh. 

1. Only weU-stored, acid-free linseed oil may be used in 
making the varnish. 

2. The density of the varnish must not be below 0’93. 

3. When dissolved to. an alcoholic soap solution the 
varnish must not exhibit a milky appearance on the addition 
•of water, though opalescence is permissible. 

4. When spread out on glass plates the varmsh must dry 
within twenty-four hours. 
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(6) Paint Mass, 

1. Colour : dark grey. 

2. When laid on naked or primed iron the paint must be 
readily distributable, cOver well, be tough and remain elastic, 
without peehng. 

3. On being spread out thin the paint must dry within 
twenty-four hours. 

4. The paint mass must be acid-proof, and free from any 
constituents liable to become soluble in water under the 
action of sulphuric acid or atmospheric carbon dioxide. 

5. No action should be detectable after forty-eight hours’ 
exposure to 5 per cent, sulphuric acid, the paint being applied 
as a double coat on an unpnmed iron basin. 

The following general conditions for painting on iron were 
drawn up by Joan du Kloes (architect) : — 

All iron parts should, as soon as tested, be painted over 
with red-lead paint, the exposed portions receiving two coats, 
whilst for those forming the inner part of the structure one 
will suffice. The selection of the colour is a question for the 
customer. 

Wherever possible the red-lead coating should be applied 
before any rust has formed, and m no case should the paint- 
ing begin until all rust has been removed, either by scouring 
with sandstone or pickling by six to twelve hours’ immersion 
in a bath of 6® B6. hydrochloric acid ; after scrubbing with 
stifi' brushes, plunging in a bath of lime water, and swilling 
with boiling water, the iron is dried as quickly as possible and 
painted. The lime water ought to be renewed whenever 
traces of free acid are detected by test-paper. Du Kloea 
gives as his reasons for leaving the choice of cleaning methods 
open, that opinions are divided, and that he finds sometimes 
one plan is best, sometimes the other. For example, a rolled 
T-girder, when smooth, can be easily scoured with a bit of 
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sandstone, and m this case it is therefore advisable to merely 
scour and brush, since this plan saves the trouble and care 
attendant on the wet method. On the other hand, for gir- 
ders made by riveting iron plates and angle-irons, mechan- 
ical cleaning is beset with difficulties, it being impossible 
to scour the rivet heads and adjacent surfaces sufficiently 
clean, and in such event, he thinks, pickling is indispensable. 
The painting of large iron articles before rust has had time 
to form, i.e., whilst the surface of the iron still remains per- 
fectly blue, is in reality seldom performed, and as a matter of 
fact would be useless, on account of the various operations 
of boring, blocking, straightening, and riveting, to which the 
parts have to be subjected. Provided pickling be earned out 
with care and with proper appliances, the method is less 
tedious than scouring. The removal of the rust is based less 
upon actual solution or dissociation than on the liberation of 
hydrogen ; and the chief point is to ensure contact of the 
acid, lime water, and rinsing water with the whole of the 
rust particles. Furthermore, the scrubbing must be done 
vigorously and not merely in a perfunctory manner, and by 
this means, coupled with a good swilling with hot water, all 
residual traces of acid, lime water, dissolved rust, and any 
chloride of hme present must be got nd of. If the water 
is used very hot the iron will dry spontaneously on being 
taken out of the bath, and can then be painted immediately 
This is the only reason for employing heat in the process. 

The author has always limited himself to red-lead, and 
considers it advisable to adhere to this course for the first 
coating. In view of Mulder’s researches, he would not offer 
the slightest objection to the substitution of such pulverulent 
bodies as iron oxide, powdered roofing tiles, and so forth in 
the preparation of the topping paint. 

For the two first coats of paint white lead should not be 
used, because of the traces of acetic acid that are developed 
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when this pigment is boiled with linseed oil, and which are 
likely to prove injurious ; but as an external covering there 
IS no objection to white lead being used. Of course, in view 
of the shades of colour required, it is not always possible to 
use red-lead ; and, similarly, it is not always feasible to con- 
fine the varnish to boiled hnseed alone, because under certain 
circumstances raw oil must be employed. For example, the* 
German Government specifications prescnbe the use of raw 
and boiled linseed oil, half and half, for mixing with the pig- 
mentary powder. Du Kloes does not assume this proportion 
to be always the most favourable one ; in fact, he inclines to 
the view that boiled oil should predominate, raw oil being 
only added to make the paint work more easily and prevent 
it drying too quickly when exposed to a hot sun. 

The author’s propositions for carrying out the painting 
of ironwork are as follow : — 

1. Iron should not be painted until perfectly free from 
rust, the method of cleaning — whether mechanically, by 
scouring with pumice, coke, or wire brushes; or chemically, 
by pickling — being dependent on the shape of the metalhc 
object or parts. Wherever possible, pickling should be 
avoided ; but, if the shape of the ironwork precludes other 
methods, then care should be taken to keep the alkaline bath 
used for neutralising the acid up to a proper degree of strength, 
and to thoroughly dry the metal by an increase in tempera- 
ture after cleansing with water. 

2. The iron must be perfectly dry before painting is 
begun ; a rule to be observed at all stages of the operation. 

3. The first coating for iron should consist of hot linseed 
varnish, very carefully applied, so that all parts are covered 
On this coating of varnish, which will afford sufficient pro- 
tection against rust, is applied a first coat of point composed' 
of pure red lead in good linseed varnish, after the parts of 
the structure have been put together, all contact surfaces, 
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bored holes, rivet heads and bolts having been painted before- 
hand. 

4. Ground oil paints should alone be used, and these 
should be applied by the aid of suitable brushes, merely 
mixing up the pigment and varnish just before use, and 
without grinding, should not be permitted. Furthermore, 
the painting must be done by skilled workmen and not by 
day labourers. 

5. After priming, three coats of paint should be laid on at 
intervals of not less than a week, it being essential that one 
coat of paint should -be quite dry before the next one is 
applied. 

6. After the first coating with red -lead paint all fissures ^ 
holes, flaws, etc., must be filled up with red lead and Imseed 
oil putty, the subsequent painting being deferred till the putty 
has thoroughly hardened. 

7. The paint must be easy working, cover well, be free 
from turpentine, benzine, or other hydrocarbon diluents, and 
of all liquid driers, and must dry rain-proof within twelve 
hours. 

8. The constituents of the paint must fulfil the conditions 
of — (1) Pigrrient: inert and requiring a large proportion of 
Imseed varnish to become workable; (2) Varnish: pure 
linseed varnish of good quality, free from extraneous admix- 
tures. 
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— influence of, on paint, 102, 

114. 

Acrolein, 131. 

Adamantine paint, 179. 

Adhesion of paint to iron, 67, 125, 
269. 

Adjuncts to paint, 186-92. 
Adulterants m paints, 143, 185. 

— accidental, 139, 143. 

— intentional, 143. 

— of red lead, 165. 

— of varnish, 139-53. 

— of white lead, 164 

— of zinc white, 109. 
Adulteration of paints, 139, 143, 

145. 

iErugo nobilis, 1. 

Air os a rust-former, 6, 9, 11, 16, 
33, 35, 38, 39, 40. 

Alcohol in paint, 223, 226, 228. 
Algae^, incrustation by, 209. 
Alkalis, influence of, on paint, 114. 
Aloe, in point, 227. 

Alum refuse, 175, 

Amsel on testing varnish, 140. 
Aiiderghom iron oxide, 120, 189. 
Andatrbm on rust formation, 20. 
Angus Smith’s method of treating 
iron pipes, 111. 

Anti-corrosive compositions, 264. 

— enamels, 217. 

cement as an, 29, 30, 241. 

— paints, 08, 112-26. 

— — application of, 112-26. 

— — • composition of, 119-21. 

— — examination of, 202-8, 226, 

201 . 


Anti-corrosive paints, pigments 
for, 160-92. 

— — preparation of, 193-201. 

— — that peel off, 217, 224. 
Anti-corrosive processes : — 

Barff’s, 248. 

Borgnini’s, 239, 

Buochner’s, 230. 

Caustic potash, 254 
Caustic soda, 252. 

Crane’s, 216. 

Cross and Bevan’s, 242. 

De Mentens’, 263. 

Electrical, 263 
Fata and oils, 246, 247. 

Ferrous oxide, 26^ 
Honigmann’s, 262. 
Hydroferrocyanic acid, 243. 

Jokl and Eandmtz’s, 237. 
Levoir’s, 234. 

Pollitzer’s, 238. 

Potassium bichromate, 263. 
Thierault’s, 260. 

Ward’s, 260. 

Anti-fouling compositions, 208- 
30, 266-60. 

Antimony in paint, 211. 

Applying paint on iron, 70-98, 114- 
22, 126, 229, 266-68, 

Armour scale paint, 120, 172, 182, 
202, 206-7. 

Arsenic in paint, 212. 

Asphalt in paint, 220, 246. 

— paint, 122, 226, 246, 266. 

— varnish, 122, 123, 264. 

Atcella, 157. 

Austrian offlcial specifications for 
paint, 273-76. 

B. 

Baking paint on steol cars, lOG. 
Balat on iron oxides, 183. 

— on testing paints, 120. 

19 
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Bang and Rufan’s deodorising pro- 
cess, 169. 

Bankul nut oil, 119, 163, 238. 

Barff s anti-corrosivQ process, 24:8. 
Barium carbonate in paint, 228. 

— sulphate, 169, 170, 186. 

Baryta as an adulterant, 169, 186. 

— in paint, 186, 191. 

Benedikt on testing varnish, 149- 

62. 

Benedikt’ 8 paint, 227 
Benenont’s paint, 238. 

Benzine. See Mineral Oils. 

Benzol in paint, 226, 228, 24:6. 
Bessemer paint, 204. 

Blanc fixBj 170. See also Banum 
Sulphate. 

Blisters in iron paints, 72, 92, 94, 
104, 120. 

Boneblack m paint, 244. 

Borgnini’s anti-corrosive process, 
239. 

Bottoming iron with paint, 70-84 

— with oil or varnish, 80-84 
Bourdin’s “plaatique” paint, 243. 
Brickdust in paint, 189, 191. 
British patents, 264-60. 

Browning iron, 66. 

BuechnePs anti-corrosive process, 

232. 

— paint, 230. 

Burgess on rust formation, 20. 
Burnham’s paint, 229. 

0 . 

Oalcium, estimation of, in pig- 
ments, 176. 

Camphor in paint, 227. 

Caoutchouc paint, 246. 

Oaput mortumn, 162, 176, 183, 227. 
Carbolic acid in paint, 226, 227. 
Carbon in paint, 244, 246, 246. See 
also Graphite, 

— bisulphide m paint, 226, 238, 

243. 

— dioxide as a rust-former, 6, 10, 

11, 32, 14, 18, 19, 20, 39 
Carr and Dickinson’s painty 226. 
Caustic potash auti-corrosive pro- 
cess, 254 

Cement as an anti-corrosive, 23, 
32, 241. 

Chalk in paint, 223. 


Chapman on Chinese wood oil, 164. 
Cheap paints, 116. 

— paint for ships, 226. 

Chevreul on linseed oil, 131. 
Chinese wood oil, 162-9. 

Chlorides as rust-formera, 4, 11, 

13, 37, 38. 

Cleaning iron, 64. 

Cloez on Chinese wood oil, 164 
Coal smoke as rust former, 22, 36. 

— tar. See Tar 

Coating iron with metals, 66, 68. 
Coefficient of expansion of paint, 
126. 

Oolcothar. See Iron Oxide. 

Colour of paint, 126, 224. 

— rust, 63. 

Common salt as rust former, 38, 
46. 

Conductivity of paint, 126. 

Cook’s paint, 228. 

Copaiba balsam in paint, 246. 
Copal in paint, 226. 

Copper, coating iron with, 213, 222. 

— compounds in paint, 226, 227, 

232. 

— driers, 136, 148. 

Corrosion by paint, 101. 

— of ships* bottoms, 218, 
Cosmann’s paint, 239. 

Cotton-seed oil, 238. 

Covering power of paint, 96, 98, 
190, 263. 

— — pigments, 184, 187. 

Cowper Coles process, 66. 

Cracks in paint, 86^ 88, 91, 92, 104. 
Crane’s electrolytic process for 

ships, 216. 

Cross and Bevan’s weather-proof 
paint, 242. 

Cruickshank on inhibitive pig- 
ments, 192. 

Cruickshank’ s paint, 228. 
Cushman and rust formation, 55. 

D. 

De Mentens’ anti-corrosive, 263. 
De Negri and Sburlati on Chinese 
wood oil, 163. 

Deodorising oil, 169, 

Dextrin in paint, 246. 

Diamond paint, 205. 

Divers on rust formation, 19. 
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Driers, 129, 132-6, 148-63. 

— detection of, 148. 

Drying properties of Chinese wood 
oil, 166 

— testing, 269. 

Dubois* paint, 226 

Du Kloes on painting iron, 284. 
Dunstan on rust formation, 18, 19, 
20 

Durability of painty 186-92. See 
also Testing 

— — influence of drying oil 

on, 186-92. 

“ Durable ** paint, 206. 

£. 

Ebelm on iron rust, 17. 

Ebers* paint, 232. 

EbQrt on nisting, 24. 

Elasticity of paint, 79. 

Electrical anti-corrosive process, 
263. 

Electricity, influence of, on paint, 
lOG. 

Electro-chemical action, 20, 66, 
62, 71, 72, 214. 

Electrolysis, 66. 

Electroplating, 66. 

Elemi resm in paint, 246. 
Enamelling iron, 66. 

Enamel paint, testing, 121. 
Expansion coefficient of paint, 126. 

F. 

Eairbairn on oil paint, 122, 

Eats, anti-cori’osive coatings of, 
246, 247, 

Ferrous oxido anti-corrosive, 262. 
Finishing paints, 84-6. 

Fish oil in varnish, 144. 

French official specifications for 
paints, 279. 

G. 

Galvanic action, 20, 66, 62, 71, 72, 
214. 

Gamboge in paint, 228. 

Goldor’s paint, 242. 

Gt^'inan official spocilications for 
paints, 277-80. 

Gisborne’s paint, 223. 


Graf’s paint, 202. 

Graphite, 162, 176, 184. 

— in paint, 226, 246. 

— paint, 122, 207. 

Grey paint, 207. 

Grounding. See Bottoming. 
Gum-arabic in paint, 246. 
Guttar-percha in paint, 241. 
Gypsum as a rust-former, 30. 

H 

Haddon’s paint, 226. 

Hoematite, 172, 174. 

— in paint, 190. 

Harrison’s paint, 228. 

Heald’s paint, 245. 

Heat, effect of, on Chinese wood 
oil. 166, 168. 

— effect of on paint, 103, 116. 
Herting on rust, 21. 

Hohenborg’s paint, 243. 

Holzapfol on anti-fouhng paints, 

216. 

Holzapfel’s paint, 226. 
Honigmann’s anti-corrosive pro- 
cess, 262. 

Huber on corrosion, 123. 

Hummel on anti-foulmg composi- 
tions, 208, 223. 

Hydrazine in paint, 223. 
Hydrochloric acid as a ruat-fonuor, 
44 46, 48, 62. 

— — pickle for iron, 68, 64. 
Hydroferrocyanic acid as anti- 

coiTOsivo, 243. 

I. 

Inhibition, 192. 

Iodine in paint, 226. 

— value of linseed oil, 141-60. 
Iron bridges, rusting of, 22-9, 39- 

42. 

— estimation of, in pignuuits, 

176. 

— gas pipes, rusting of, 34, 37, 47, 

109. 

glaze, 262. 

increased volume due to rust- 
ing, 30. 

— in varnish, 149. 
lacquer, 240. 

— minium, 171. 
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1 1*011 oxides, artificial, 176, 183. 

See also Oaput morimim; 
Oolcothar. 

— — as carriers of oxygen, 16. 

’ — — in paint, 226. 

— — paint, 76, 78, 86, 120, 206. 

— — pigment, 170, 182, 183, 

184. 

— — pigments, testing, 176. 

- — — scaly, 172-4. 

pigments, 170-6, 182, 184 
“ Iron protector,” 278. 

Iron spathic ore, 176. 

Ironstone in paint, 189. 

Italian official specifications for 
paints, 281-6. 

J. 

-I apanese lacquer, 214. 

— wood oil, 163-9. 

J okl and Bandmtz's anti-corrosive 
process, 237. 

J ouvin on iron corrosion on ships* 
bottoms, 71-2. 

E. 

Klitchingham and Andrews’ paint, 
226. 

f 

L. 

liacquer, 58. 

— iron, 246. 

— Japan, 214. 

Lambert and Thompson on rust 
formation, 20. 

Landolt on adulterants in varnish, 
139, 147 

— on iron oxide, 87. 

— on iron pigments, 182 

— on lead pigments, 178, 

— on linseed oil, 142 

— on pigments, 183. 

— on red and white lead, 86. 

— on red lead paint, 73. 

— on zinc paint, 178. 

J^ead acetate in paint, 226, 229. 

— ■ carbonate, 162, 178. 

— driers, 132, 134, 148. 

— pigments, 162, 168, 178. 

— red, 166. 
tetroxide, 166. 


Lender’s paint, 203. 

Leoni’s paint, 226. 

Levoir*s anti-corrosive process, 234. 
Lewkowitsch on Chinese wood oil, 
165. 

Linolic acid, preparation of, 236, 
Linseed oil, age of, 130. 

— — influence of heat on, 127, 

130. 

— — iodine value of, 141, 160. 

~ — oxygen, absorption by, 

130. 

— — paint, 68. 

— — purity of, 130. 

— — storage of, 130, 138. 

— composition of, 141. 

— driers in, 148. 

— effect of driers on, 132-6. 

— fish oil in, 144. 

— rosin in, 143. 

— rosin oil in, 146. 

— varnish, 126-63. 

Lintock’s paint, 229. 

Litharge in oil boiling, 132. 

— in point, 229. 

Lithopone, 170, 243. 

Livache on drying oils, 130 

— test for linseed oil, 161 
Lucchini’s paint, 226. 

M. 

Machines for mixing and grind- 
ing paints, 193-201. 

Magnesia in paint, 241. 

Manganese driers, 129, 132, 134, 
149. 

— estimation of, in pigments, 

176. 

Matthews* caoutchouc paint, 246. 
Mercury compounds, corrosion bv, 
71. 

— in paint, 211, 223, 225. 
Micaceous iron ore, 172-4, 182. 

— in paint, 203. 

Mierczinski on iron pigments, 183. 
Mineral oil in paint, 226, 226, 229, 

211, 244, 246. 

— m varnish, 147. 

Minium See Eed Lead. 

Moravia, anti-fouling composition, 

221. 

Mortar as a rust former, 29. 

Moody on rust formation, 18, 20. 
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Mulder on Mdhesion of paint., 81. 

— on iron oxide, 87. 

— on paint adjuncts, 188-90. 

— on painting iron, 68. 

— on pickling iron, 64. 

— on rust formation, 14, 62. 

— on tar paint, 110. 

Mur res’ paint, 226. 

N. 

Netherlands official specifications 
for paints, 278. 

Noble metals in paint, 239. 
Number of coats of oil paint, 98. 

O . 

Official standard specifications, 
273. 

Oil and varnish, proportion of, in 
paint, 73, 86, 80, 92. 

Oils, anti-corrosive, coatings of, 
246, 247. 

Oxidation of metals, 1. 

Oxides, anti-corrosive, coatings of, 
248-54. 

Oxygon, absorption of, by paint, 

100 , 

— by drying oils, 130. 

Ozonised varnish, 136. 

P. 

Paint, adhesion of, 67, 126, 209. 

— adjuncts to, 186-02. 

— adulterants in, 139, 143, 186, 

— coefficient of expansion of, 126. 

— composition of, 77, 110. 

— conductivity of, 125. 

— corrosion by, 101. 

— covering ]«)w<n* of, 06, 98, 190, 

203. 

-- ci’iK'.ks in, 80, 88, 91, 92, 104. 

— doBtriic-tioii of, 59, 89, 100-0, 

179, 181. 

— <lrying properties of, 85, 87, 90, 

124. 

ilurability of, influence of dry- 
ing oil on, 180-92. 

— elasticity of, 70. 

— fineness of <livision of, 77, 99, 

124. 

— mills, 198-201. 


Paint mixing machines, 193-201. 

— necessity for purity in, 116. 

— nurdber of coats for iron, 96, 

98. 

— official specifications for, 273, 

287. 

— testing durability of, 102-6, 

261-72 

— thickness of coating, 96, 99. 
Painting galvanised iron and tin- 
plate, 107. 

Paints 

Adamantine, 179. 

Aichelburg’s, 244. 
Anti-corrosive, 112-26 
Asphalt, 122, 126, 126 
Benodikt’s, 227. 

Benenont’s, 238. 

Bessemer, 204. 

Bourdin’s, 243. 

Buechner’s, 230, 232 
Burnham’s, 229. 

Caoutchouc, 246. 

Carr and Dickinson’s, 226. 
Cheap, 118, 226. 

Cook’s, 228. 

Cosmaun’s, 239. 

Crease’s, 221. 

Cross and Bevan’s, 242. 
Oruickshank’s, 228. 

De Meri tens’, 263. 

“ Diamond,” 204, 205. 

Dubois’, 226. 

Durable, 206. 

Ebers’, 232. 

Enamel, 121. 

Goldor’s, 242. 

Gisborne’s, 225. 

Grafs, 202. 

Grapliite, 126, 207- 

Grey, 

Hfwldon’s, 226, 

Harrison’s, 228, 

Heakl’s, 245. 

Hohenborg’s, 243 
HolzapfePs, 226. 

Iron oxide, 75, 78, 85, 87, 205, 
208. 

Kitchiiigliam and Andrews’, 226. 
Lender’s, 203, 

Looni’s, 225. 

Lintock’s, 229. 

Luccliini’s, 225. 

Matthew’s, 243. 
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Paints {cont) — 

Micaceous iron ore, 172-4, 183. 
Moravia, anti-fouhng, 321. 
Murres', 226. 

Perreti’s, 226. 

Platinum, 206 
Eathien’s, 220, 226. 

Eed lead, 70-76, 86, 188, 223. 
Eesin, 67, 226, 226. 

Eiegelmann’s, 241. 

Hobson's, 244. 

Scale. See Scale Paints. 
Schnittger's, 226. 

Soapstone, 226. 

Spathic iron ore, 242. 

Submarine, 229. 

Sundry iron, 246. 

Tar, 107-11, 216, 221. 
“Unalterable,” 242. 

Urban's, 226 
Walter and Stone's, 246. 
“Weatherproof,” 242. 

White lead, 86, 162, 178. 

Zinc white, 168, 216, 223, 228, 
229, 243. 

“ Panzerschuppen ” paint. See 
Scale Paint. 

Paper in paint, 242. 

Paraffin in paint, 241, 247, 

“ Permanent white ” in paint, 169, 
243. 

Perreti’s paint, 226. 

Petroleum in paint. See Mineral 
Oil. 

— for cleaning iron, 64 
Pickling iron, 66, 64-7, 277, 278, 

283, 286. 

Pigments, 160-92. 

— chemical, 161. 

— covering power of, 187. 

— earthy, 161, 182. 

— graphite, 162, 176. 

— iron, 162, 170-6, 182. 

— lead, 162-8, 178 

— scaly, 172, 173. 

— suitability of, for iron, 86. 

— varnish, requirements of, 179, 

186-92 

— zinc, 162, 168-70, 179, 184. 
Pitch in paint, 227, 228, 244. 
Plastique Bourdin, 243. 

Platinum paint, 207. 

Pollitzer’s anti-corrosive process, 

238 . 


Poppy oil, 236, 246, 

Porosity of paint, 101. 

— rust, 16, 61. 

Potassium bichromate anti-cor- 
rosive, 263. 

Protective coatings for iron, 66, 
287. 

Prussian official specifications for 
paint, 277, 280. 

I Pumice in paint, 246. 

E. 

jen's paint, 220, 226. 

Raw oil in varnish, 144. 

Eed lead, 166. See also Lead) 
Pigments. 

— — adulterants of, 166. 

— — in paint, 166, 228, 246. 

^ ~ paint, 70-6, 86, 189, 226. 

— — — defects of, 71-3, 121. 

— — — testing, 121. 

— — testing, 166. 

Eosin and rosin oil, influence oii» 
drying, 143. 

— in paint, 226, 226, 232, 238, 241, 

244. 

— ill varnish, 143. 

— oil in varnish, 146. 

Eesinate driers, 129. 

Eiegelmann's paint, 241. 

Hobson's paint, 244. 

Rubber oil, anti-corrosive, 237 
Russian official specification s for 

paint, 278. 

Rust, composition of, 6. 

— formation of, 1-56. 
j — formers, 6. 

— prevention, 64, 66, 
Rust-forming agencies, 6-66. 
Rusting away of iron objects, 3, 31, 

36. 


S. 

Satin's waterproof varnish, 227. 
Scale paints, 113, 120, 172, 182, 202,, 
206, 207. 

— paint (German), 206. 

_ _ (Graf's), 202. 

— — (Swiss), 206, 206, 207. 
Scaly pigments, 172, 173. 
Schnittger’s paint, 226 



•Schulte on rust-formation, 14. 
Schwarz on anti-fouling composi- 
tions, 218-23. 

Scouring iron with wire brushes, 
64. 

Sea-weed in paint, 229 
Shellac in paint, 228, 239, 240 
Ships* bottoms, paints for, 208. 
Ships, paints for. See Anti-corro- 
sive Paints, and Anti-fouling 
Compositions. 

Silver slag paint, 244. 

Simon on iron pigments, 183. 

— on lead pigments, 178. 

— on mercury paints, 72. 

— on paint, 126. 

— on red lead paint, 70-3. 

— on rust formation, 11-14. 

Slate in paint, 189, 190 

Smoke fumes, influence of, on 
iron, 22, 36, 62. 

— — — — on paint, 120, 
Soapstone paint, 225. 

Soda-lye in paint, 242. 

Sodium chloride as a rust-former, 
36, 37, 38, 46, 102. 

— silicate in paint, 242, 247. 
Spathic iron ore, 176, 244. 

— — — paint, 244. 
Specihcations, official, for paints, 

273-87. 

Spennrath on drying of painty 100. 

— eflect of heat on paint nlms, 

103. 

— effect of reagents on paint 

Alms, 102. 

— on oxygen absorption by 

paint, 100. 

— on paints for iron, 100. 

— on rust formation, 6-11, 14, 15. 

— on tar paint, 108, 

— on zinc paint, 180. 

Spermaceti in paint, 242. 

Steam boilers, prevention from 
rust, 7. 

Submarine paint, 229. 

Sulphur compounds, action of, on 
red lead, 71. 

— in paint, 246, 247. 

Sundry paints for iron, 246. 
Superficial oxide layer formed by 

rolling iron, 69. 

Surface, best for painting on iron, 
68, 69. 
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Swiss official specifications for 
paints, 283, 284. 

T. 

Tannic acid in paint, 245. 

Tar in paint, 226, 228, 246. 

— paint, 107, 111, 216. 

— — for ships, 216, 221, 228. 
Temperature, influence of, on 

paint, 103, 116. 

Testing anti-corrosive paints, 261- 
72. 

— Chinese wood oil, 163-9. 

— durability of paint, 100-6, 119- 

26 

— graphite, 176. 

— iron oxide, 176. 

— — pigments, 176. 

— paint, 122, 123. 

— red lead, 166. 

— varnish, 140-63. 

— white lead, 164. 

— zinc white, 169. 

Thierault’s inoxidation process, 

260. 

Tilden on rust formation, 19. 

Toltz on paints, 122. 

Toughness of paint, 268. 

Tung oil, 163-9. 

Turpentine in paint, 124, 225, 229, 
244, 246, 246. 

— in varnish, 88, 147. 

U. 

‘‘ Unalterable” paint, 242. 

Urban*s paint, 226. 

V. 

Varnish, acetyl value of, 160. 

— adulterants of, 76, 139-61. 

— bottoming with, 78-84. 

— proportion in paint, influence 

on durability, 186-92. 

— protection of pigments by, 86, 

126. 

— temperature of, 84. 
thickness of coating with, 84. 

— Chinese wood oil, 163-69. 

— asphalt, 123. 

— linseed, 126-63. 

— — clarification of, 138. 
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Vamish, linseed, clasBes of, 128. 

— — colour of, 136, 137, 162. 

— — consistency of, 137, 162. 

— — drying properties of, 136, 

138, 160, 162. 

— — flavour of, 138. 

— — ozonised, 136.' 

— — preparation of, 127-36. 

— — - properties of, 136-43. 

— — quality of, 126-63. 

— — smell of, 141. 
Varnish-tree oil, 163-9. 

Vaseline in paint, 244. 

Von Tetmayr on action of smoke, 
22. 

— — on paint, 78-80. 

— — on rust, 22-4. 

— — on testing paints, 117-9 

W. 

Walter and Stone’s paint, 246 
Ward’s inoxidntion process, 260. 
Water as a rust-former, 6, 9, 11, 
14, 33, 36, 38, 43, 114. 

— effect of, on paint, 93-5, 102, 

181. 

Water glass. See Sodium Silicate. 
Waterproof vamish, 227. 

“ Weatherproof ” paint, 242. 


White lead, 162-6^ 178. See also 
Lead Pigments. 

— — adulterants of, 164. 

— — Covering power of, 97, 163 

— — for paint, 86, 184. 

— — in paint, 246, 246 

— — paint, 86, 86, 184. 

— — testing, 164. 

Wiederhold on paints, 121, 122. 
Wrinkles in paint, 96, 97 

Z. 

ZiiiG as a coating for iron, 56, 

— driers, 149. 

— dust in paint, 180. 

— — paint, 180-1. 

— grey, 169. 

— pigments, 162, 168-70, 179, 

184. 

— plates, use of, 62. 

— plating for ships, 221. 

— sulphide in paint, 243. 

— white 108, 181, 186 

— — adulterants of, 169. 

— — covering power of, 97. 

— — in paint, 247. 

— — paint for ships, 216, 223,, 

226, 228, 229, 242. 
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